Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



REESE LIBRARY 



NIVERSITY OF CALIFORNIA.- 



[ 



APPLEBY'S 

ILLUSTEATED HANDBOOK 



OF 



MACHINERY. 



SECTION III.-PUMPING MACHINERY, 

INCLUDING 

PUMPING ENaiNES, CENTEIFUaAL, STEAM AND 

HAND PUMPS. 

WITH 

PRICES, WEIGHTS, MEASUREMENTS, AND SOME DATA ON WORKING 

EXPENSES AND RESULTS OBTAINED. 






V I 



EMERSON STREET, yUUTlIW^K, LONDON, S.E. 




THIRD EDITION.— REVISED AND ENLARGED. 



% 



LONDON: 

E. & F. N. SPON, 48, CHARING CROSS. 

1878. 



\ 

.^ 



i^""^ 



1 



(^ 



LONDON: 
PRINTED BY WILLIAM CLOWES AND SONS, 

STAMFORD STREET AKD CHABIKO CSOSe. 



The Edition of Appleby's Handbook op Machinery, published in 1869, and aeveral 
reprints of it having been exhausted, a New Edition (of which this section forms a portion) is 
now being completed ; and for the convenience of those who desire information on specific 
subjects, but not on all those treated, the book will be divided into eight sections, each of wiiich 
may be obtained separately as follows : — 

Section 1.— PKIME MOVEBS. 

Steam, Gas and Aib Engines, Boilers, Turbines, etc. 

Section 2.— HOISTING MACHINBKY. 
Winding Engines, Hydraulic, Steam and Hand Cranes, Winches and Jacks. 

Sectiox 3.— PTTMPIWa MACHINEKY. 
Pdmpinq Engines, Centrifugal, Steam and Hand Pumps. 

Section 4.— MACHINE TOOLS. 

For Working Metals, Wood, etc. 

Section 5.— CONTKACTOKS' PLANT AND BAIL WAY MATERIALS, 

Including the Machinery and Materials required for the Construction and Equipment 

OF Bailways and other Public Works. 

Seciion 6.— colonial AND MANUFACTURING MACHINERY. 

Fob Treating Corn, Coffee, Bice, Sugar, Cotton, and other Products, Oil Mills, 

Gas Works, etc. 

Section 7.— M I SC ELL ANE O U S IRON WORK. 
Brass Fittings, Engineers' Tools, and General Stores. 

Section 8.-USEFUI1 nTA^LBS AND MEMORANDA. 

For Engineers, Merchants, and Manufacturers, with Prices, Weights, Measurements 

Working Eesults, Cost of Working, etc. 

The complete work will form two volumes of about 900 pages, illustrated by nearly 700 
Engravings. 

The subject matter has been almost entirely rewritten, and the Engravings illustrate for the 
most part work designed or carried out by the Autliors' Firm, and now in successful operation. 
Details of design, construction, and proportions will be subject to modification from time to 
time. 

The Prices have been corrected up to date, and are based on the present value of metals and 
labour : they will therefore necessarily be subject to modification if there should be any material 
change in the value of these items. 

Weights and measurements are given approximately, so that the cost of freight, duty, &c., 
may bo roughly estimated; also some data as to the cost of working, the motive power 
required, and the work performed. 

The cost of packing for shipment and delivery to docks varies with the nature of the packing 
re<iuired and the destination, but the average is — 

For packing ahd delivery alongside vessel in London . . , , about 3 per cent, 
ditto ditto Liverpool or Hull .. about 5 per cent, 

ditto ditto Cardiff or Glasgow .. about 7^ per cent. 

The details above referred to are in a handy form for reference, and it is hoped they 
may prove useful alike to Engineers and to users and purchasers of Machinery and Materials 
connected therewith. 
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APPLEBY'S HANDBOOK OF MACHINERY. 



PUMPING MACHINERY.— Section 3. 3 

BEAM P1FHPING ENGINES. The first steam engines introduced by Watt for pumping 
large quantities of water from mines, or for the supply of towns, are known as Watt's single-acting 
engine; and although engines of this form are not now made, they have given excellent 
results, and many of them are still at work. A good specimen of the single-acting pumping 
engine was erected at the Chelsea Wat^works by Boult<m and Watt, for forcing water to a 
height of 130 feet ; the steam cylinder had a diameter of 48 inches, and the lifting pump a 
diameter of 17J inches, both being 8 feet stroke. The consumption of fuel averaved 7.3 lbs. 
per hour for each horse-power, a result which compares not very unfavourably with many 
engines of far more recent date. 

The 00ENI8H PUMPING ENGINE does not differ very widely from Watt's engine; but 
the introduction of a higher pressure of steam, and an increase in the ratio of expansion, has 
naturally been followed by very economical results ; the Chelsea engine only attained a duty 
of 22,800,000 foot pounds for each bushel of coals consumed, whilst some of the best Cornish 
engines have reached an efficiency of 90 or 100 million foot pounds. Although the Cornish 
engine has, to a great extent, been superseded by various forms of rotative engines, it has not 
been surpassed in durability — engines of this class after working for fifty or sixty years being 
still in operation and doing good duty. The valve gearing of the Cornish engines is so 
arranged that it is easily adjusted to suit variations in the work required by cutting off steam 
at a greater or less portion of the stroke, so that under a sudden emergency, the work per- 
formed by the engine can be increased by merely re-adjusting the valve gear ; or, in the case of 
an engine for supplying a town with water, the power may be varied to suit the requirements 
of an increased population, &c 

It should not be forgotten, however, that this increase of power is accompanied by a coiTe- 
spondinj; falling off of economy in consumption of fuel, for it was ascertained by Mr. Wickstead 
in some experiments made on a Cornish engine at the East London Waterworks, that when 
steam was cut off at six-tenths of the stroke, a duty of 76,700,000 foot pounds was obtained 
from 112 lbs. of coal, whilst when the steam was cut off at three-tenths, the duty rose to 
105,700.000. In these experiments the initial pressure in the cylinder varied from, 15 to 20 lbs. 
per square inch. In Cornish engines every precaution is taken to prevent loss of heat by 
radiaticm, the cylinders are steam-jacketed, lagged, and felted, the steam pipes are coated 
with non-conducting materials, and the care exercised in this direction and the high grade of 
expansion, contribute very largely to the excellent results above referred to, for the boilers 
used in conjunction with the Cornish engine are usually by no means of the most economical 
form. In most Cornish engines, thous:h not in all, one end of the main lever or beam is longer 
than the other, in order that the steam piston may have a higher velocity than the pump piston. 

Many beam pumping engines are made on the compound system, somewhat similar to that 
shown in Fig. 1, Section 1. The force of the steam U more evenly transmitted, and the cost of 
the extra cylinder is to some extent compensated by the beam and other parts being lighter, 
and a slight increase in working economy is due to the more even temperature of the cylinders. 

The introduction of the fly-wheel with its crank and connecting-red, effected a considerable 
improvement in the beam pumping engine by limiting the length of the stroke, and thus 
reducing the risk of accidents ; it also acts ad a governor to equalise the power developed. 
Many engines of this class are' employed by waterworks companies, amongst which may 
be mentioned those erected by Messrs. Boulton and Watt for the New Biver Company. 
These engines each drive a pump of the ram and bucket form. The peculiarity of the ram and 
bucket pump consists in the introduction of a plunger or ram into the ordinary lift pump, with 
valves m the bucket. On the down stroke half of the water is delivered by the plunger, 
.whUst the remaining half is delivered by the bucket on the up stroke ; thus, a continuous 
delivery of water is effected by a pump which need have only two valves, although usually 
there is a third in the delivery pipe, called the " retaining valve "; pumps of this construction 
give very good results. 

The b^am pumping engine. Fig. 251, constructed by Messrs. Appleby, by order of 
Sir C. Fox and Sons, for draining the Bateas Mine inChUi, has successfully performed its work 
for several years past The steam cylinder is 20 inches internal diameter, steam jacketed, and 
the stroke is 7 feet; the covers are also steam jacketed, the upper one being provided with an 
extra long piston rod gland. The piston is formed of two cast junk rings bolted together, and 
fitted with metallic rings and springs ; th^ piston rod is turned taper at one end and cottered 
into the piston, the other end being cottered into the crosshead. 

The parallel motion is of the usual foim, all tl»e rods are made of wrought iron, and the 
moving ends fitted with gun-metal healings and cotters for taking up wear. The gudgeon at 
the cylinder end of beam to which the main links are connected is of wrought iron ; the beam 
is very light, strong, and neat in construction, being formed of two wrought-iron plates 
stiffened by angle irons facing outwards, and the plates are held together by distance pieces 
and bolts. The bosses for the various gudgeons are rivetted to each beam ; the pump gudgeon 
and steam-cylinder gudgeons are respectively 10 feet 4 inches, and 12 feet from the main or 
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4 APPLEBY'S HANDBOOK OF MACHINERY, 

Todiing oentro, so that the pump bns a stroke of 6 feet, itnd the eteejn pUtun 7 ^t. The buud 
gndgeoQ U of wtought iron, mid tlia journnU irork in masBive blocks flttei) with ndjilBtftble f^nti' 
molal bearings. At the cylinder end of the beam is fixed > wroaght-iron croaabar, which 
wDubl strike against the main ginlen carrjing tlie b«am, if the plstoD were to overran its 
proper stroke.' and thus prevent a serious br^kdovm. 

ElxceptioD may be t^ken to the wioagbt-iron beam, on the giwind that it ia not heavy 
enough to abitorb ihe great power of the steam pieton at the beRinaine of earh stroke, and thus 
prevent sbouks ; but this objection is removed by the intmlucUon of heavitj weighted balance 
bobs on the pump rods ; these boba not only balanoe the aurploa weight of the pnmp mda, but 
aild to thd total miss the inertia of which has to be overcome each time the mation of the beam 
is reversed, and thus to a certain extent perform the duty done by the fly-wheel in rotative 
Gngines. The air pnmp and feed pmnp are both driven from the b(wm. The main pumps are 
of the claea gi neralJy used in Cornwall and elsewhere for the drainage of mines ; the lower or 
lift pump delivering into a amall cistern from which the upper or foroe pniup takea its water. 
The speed of the eugine ia regulated by a cataract in the usiut manner. ' 

This engine, together with a pair of horizontal winding engines (see p. 109, Section 2,) bj 
the game makers, were supplied with steam &om three Cornish boilersiM) feet long.6 feet diameter, 
each witli one internal tine S feet diameter, provided wiih the unual fittings, including safety, 
atop, feed, scam, and blow-off valves, eipansion joints in thest^am pipes, &o. A Gomuh eugine 
similar to that above described atid illustrated by Fig. 251, with 50 fathoms of pumps, is worth 
about £820. and the weight is about 30 Ions. 

Figs. 252 to 254, illustrate some details connected with Ctmiiah engines and pomps. 

CABT-IBOH BEAM. Hany engineers who hare had experieoee in the working of Cornish 
engines, consider that a lieavy cast-iron beam of the type most in use causes the engine 
to work steadily and prevents the occurrence of sudden shocks: in fact. Mr. Morten 
states that of two engines exactly alike, excepting in the construction of their beams, that 
with the heavier beam gave considerably the lii^icr duty; howevei, aa lias been hinled 
before, it ie pnssible te introduce fiy-whiicls. or bob-balances to perform BJmilur services. At 
the Kew Waterworks a Coruiah engine with 100 inqhes sleam cylinder has a beam in two 
piecoa, weighing in all 40 tona ; and many very mHssive beams may be seen in all parts of the 
world. The price of these beams muy be teken at £12 per ton. 

DBAWIHQ ANO PiniTOEa LIFTB. Fig. 252 ahows the former, and includes a working 

biirrel about 11 feet long, a door piece about 6 feet long, fitted with valve seat and valve, an 
egg-ended windbore 9 feet long, and two bucket springs. The door piece in the foreground 
has lugs for suspending it when ihe valves have to be examined. The plunger lifts are 
usuntly fised above the drawing lilly, and the prices inclnde H and door piece (of which 
Fig. 253 ia an enlarged engraving), plunger case with sluflJng box and brass bushed gland , 
plunger 9 feet stroke, valve and valve seats, and all the necesEary bolls. 



Fbiveb op Dbawwg and Plcnobb Lifts. 

Diameter of barrel or plunger in inches 6 9 12 ' 

Price of drawii^ lift, Fig. 252 £25 £42 £SS 

Approximate weight of ditto in Dwts. 32 .50 46 

Price of plunger lift £40 £G2 £80 

Approximate weight of ditto in cwts 40 68 gs 

The above prices do not include any pipes, or, as they are called in the raining districts, 
" mimos," nor the bob or pump rnds. The cost of these is given in the subjoined lists for 
H" ™.nn™ fn, if™(h» vo™;nfr i.ifi fn KnQ fegt. With nil acoessories raidy for fixing in 
orioua parts for each depth. 
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Pbke List op 6-iboh Ftmra fob 150 to 600 Feet. 



l*epthin feet 

Price of 6-inoll pnmps 

Wei'glit of G-inoTi ditto in cwts. 
Price of enitable workiag bub levor 
Weight of ditto in owta 



i Depth in feet 

I Pnoe of 6-iDCh pumpa 
I Weight of ditto in awU 
; Price of BDitable bob lever . 
[ Wdghtrf ditto in owtB. 







_ 


. ._!' 


150 


300 


sro 


£2ie 


£372 




231 


409 


460 


£60 


£100 




1 32 


70 


75 



Fig. 253. 
H PIECES ASH DOOa PIECE, Fig. 233. These portioLie of mining pumps are made with 
tlic flanges no larger in dianiLtur thiui is absolutely uecessary : Ibey are very (hick, and are 
usually atreii^:theiied by brackets bi'tveen each pnir uf bolt holes ; the i^onr faccB ure plaued 
imd flungGs turned and lactd. t^unilua length in the working harreU of pumps for mine work 
(buyoiid that at-HiaHy required by ttie piston or plunger and its stroke), should be provided to 
ubriate the necessity of nice adjuetmeut uf rods : this aavea much time, trouble, snd expense. 



Fig. 25*. 
PLirirGER POLE, STITFTIHO BOX, AND aUHS, Fig. 254, am nseil in deep mines, 
iilualmtcd, bocauae bi'iiig subject to much wear, they n'quiro replacing more frequently tl 
Bi'rae otiitr pnrfs ; the avcrt^re value is aliout £10 per ton. 
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In ordering separate parts of machinery, it is essential that all dimensions and fidl 
particulars should he carefolfy given, accompanied, if possible, by a detailed drawing; this 
enables the manufacturer to supply what is wanted, and often saves much trouble and 
inconvenience. Prices of pipes suitable for use in 'mines will be found at pages 148 to 154. 

HOBIZOHTAL FUMFIVO EV0ISS8. Fies. 255 and 256. The high first cost of Oomish 
pumping engines very frequently precludes their adoption, and this form of engine il efficient 
m working, occupies much less spare, and costs less both for machinery and foundations. 
Many engines of this class have been erected by the Author s firm for irrigation and town 
supply ; the subjoined being selected as examples are described in detail. 

Tiie engine, Figs 255 and 256, was erected by the Author's firm for supplying water to the 
town of Louth. It will be seen on reference to the engmvings, that arrangements are made 
for a duplicate engine, if at any future time the demand for water should exceed the 
capabilities of the single engine already erected. 

The steam cylinder is 20 inches in diameter, and 4 feet stroke ; it is oast of the best grey 
iron in one piece with its valve cheat, and is felted and lagged with mahogany to prevent the 
loss of heat by radiation. 

The valve gear consists of two valves, both driven by means of eccentrics on the crank 
shaft, the main or D valve, and the expansion valve working on the back of the D valve. 
Both have a stroke of 4^ inches, and the expansion valve is capable of being adjusted, by 
altering^ the angle of its eccentric relatively to the angle of the main eccentric, to cut off 
the admission of steam to the cylinder at any point of the stroke from one-tenth to eigiit^tenths. 
A hieh rate of expansion is, of course, a mout effective means of economising fuel, but 
considerable difficulty is experienced in overcoming the inertia of the column of water in the 
rising main when the engine is first started. As it would be inconvenient to adjust the 
eccentric each time the engine was set to work,' a very simple arrangement is adopted to overcome 
the difficulty at starting above referred to. 'i'he expansion valve, instead of being driven 
directly by its eccentric rod, is connected to it by means of a simple pawl catch ; when the engine 
is started, this pawl is thrown off the eccentric rod on to the main valve spindle (between 
collars speciallv provided). The expanaion valve then simply travels with the main eccentric and 
steam is admitted for eight-tenths of the entire stroke ; after one or two strokes the pawl is 
thrown back into its own eccentric rod, and the engine works at its ordinary grade of 
expansion. 

The work to be done by a pumping engine is ^nerally so nearly uniform, that it is 
unnecessary to provide governors or an automatic expansion gear ; but in cases where the head 
to be pumped against varies very much, a steam regulator valve is supplied, which is self- 
adjust^ by the pressure in the delivery main. Such regulators are extremely useful in case 
any part of the delivery main should burst, as the diminished head is immediately followed 
by a correspondingly diminished supply of steam, and the engine is prevented from 
running away. A regulating valve of this description was applied to this engine. The 
steam piston is of the ordinary form with cast-iron junk rings, metallic rings, and springs. 

The cross-head is oottered to the piston rod. and is of wrought iron, having a forked jaw 
to receive the end of the connecting-rod. The gudgeon is of wrought iron, a^d is three 
inches in diameter at the centre, whero it passes through the cross-head and connecting-rod* 
and 2^ inches at each end, where it enters the guide blocks. These guide blocks are of 
cast iron, of ample length, and work between p&ned guide bars, the bottom bars being 
recessed to form oil reservoirs. The connecting-rod is of wrought iron, 4J inches in diameter 
at the centre, 8^ inches in the neck at the crank end, and 2] inches at the cross-head end. 
The crank end of the connecting-rod is forged solid, and fitted with gun-metal bearings, 
6^ inches wide, bored 4 J inches, and adjust^ by a taper cotter. The cross-head end o£ the 
rod is formed by a wrought- iron strap, gib and cotter, fitted with gun-metal bearings, 4^ inches 
wide, bored 3 inches. The crank pin is of wrought iron, 4^ inches diameter, 6J inches long in 
the journal. The centre of the existing engine would be 13 feet 6 inches from the centre of 
duplicate engine. 

The crank shaft is of wrought iron, 7 inches in diameter in the disc plate, 6} inches in the 
necks, and 11 inches in the centre, where the fly-wheel is keyed on. The plummer blocks for 
crank shaft are fitted with gun-metal bearings, 10 inches long, bored 6J inches. The fly-wheel 
is 14 feet diameter, cast in halves, the two parts being connectSl at the rim by dowels and cotters, 
and at the boss by wrought-iron rings shrunk on. The rim of this fly-wheel weighs 5^ tons. 
The surface condenser used with this engine consists of a cylindrical casting, 4 feet 4 inches in 
diameter, and about 8 feet long, divided into three compartments, the largest being in tlie 
centre; this is 5 feet 5 inches long, and is traversed by 211 wrought-iron tubes, 1{| inches in 
diameter, which connect the outer compartments. The exhaust steam from the cylinder is 
conducted by pipes to the central compartment and circulates round the outside of the small 
tubes, whilst the water on its passage to the main pump passes through the tubes; the 
condensed steam, &c., is then pumped out by the air pump, and delivered into the hot well, from 
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vhenoe the water is taken to feed the boilers. The air pump, as shown in engravings, is 
directly beneath the crank shaft The backet is driven by an eccentric, and has a stroke oC 
8 inches and a diameter of 1 2 inches. The main pmnp is placed directly behind the steam cylinder 
and is bolted to the same bed-plate ; the pump piston rod is a continuation of the steam piston 
rod, so that the power is transmitted in the most direct manner possible. This pump has a 
diameter of 12 inches, and a stroke of 4 feet, so that running at 30-stroke per minute, it is capable 
of delivering 70,000 gallons per hour. The valves for this pump are in equilibrium, and are 
actuated by an eccentric on the crank shaft. Close to the .pump is a main air vessel, 3 feet 
diameter and 12 feet high, in addition to two smaller vessels placed over the suction inlets of 
the pump. A retaining valve is placed near to the air vessel, which prevents the possibility of 
any water leaking back through the pumps whe'h the engine is stopped, and also admits of the 
pump being examined ; this retaining valve, however, is only provided as an additional means 
of security, as there is a sluice valve between the pump and air vessel. The water is delivered 
at a pressure due to a hcij^ht of 170 feet. The steam for this engine is generated in a Cornish 
boiler 6 feet diameter, 25 feet long, with an internal flue 8 feet in diameter, the boiler being 
provided with all the usual mountings, including safety, stop, feed, and blow-oiff valves. 

An engine, very similar to the foregoing in design and proportions, was erected by the 
Author to irrigate an estate of upwards of 5,000 acres. The water is drawn from the Thames 
and pumped into a reservoir, which is about 80 feet above the river. Like the Louth engine, it 
has a sunace condenser, and the arrangement admits of a duplicate engine being fixed in thei same 
house, and connected with the same condenser, air vessel, and crank shaft. 

At another waterworks, where the duty required was 100,000 gallons delivered to a height 
of 170 feet in a day of 10 hours, the engine is very similar to those described above ; but the 
dimensions and arrangements are somewhat modified to suit different conditions. The water id 
obtained from a well about 47 feet deep, but the water level is usually within a few feet of the 
surface. The water is lifted from the well by a pump of the ram and bucket class, the 
bucket is 7^ inches diameter, having a stroke of 2 feet, into a tank fixed outside the engine 
house, from which it flows into a horizontal double-acting force pump. 5^ inches diameter and 
20-inch stroke. The steam cylinder to drive these piunps is 10 inches diameter, 20 inches 
stroke, and is fixed directly in front of the force pump and on the same base-plate. The 
valve gear for the steam cylinder diflers materially from that at Louth, and is of the form 
known as Myer's expansion gear. The main valve and the expansion valves are both driven in 
the usual manner by eccentrics on the crank shaft. The moment at which the steam supply 
is cut off from the cylinder is altered by adjusting the distance between the two expansion 
valves. This adjustment is obtained by means of right and left handed screws, actuated by a 
hand-wheel outside the valve box, so that the valves can be altered whilst tlie engine is running. 
The steam can be admitted during one-tenth or any portion ot the stroke up to eight-tenths, 
and when the engine is started the valves are quickly arranged to admit steam for the greater 
part of the stroke, and as readily adjusted to their usual working position when the inertia of 
the column of water in the rising main has been overcome. There is a retaining valve on the 
rising main near to the air vessel. 

A surface condenser is used, and the air pump is a horizontal plunger pump, 6} inches in 
diameter, with a stroke of 6J inches. The steam is obtained from two Cornish boilers, 14 feet long 
and 4 feet 3 inches diameter, with internal flues, 2 feet 3 inches diameter ; furnished with the 
usual mountings, including . safety, stop, feed, and blow-off valves, expansion joint on the 
steam pipe between the boilers, &c. The price of an engine, pump, and condenser, &c., 
complete, similar to that last described, is £500 ,* or, for the engine and two boilers, weight 
about 20 tons, £900. 

The price of an engine similar to the one at Louth, weight about 20 tons, is £850 ; or, the 
engine and one suitable Cornish boiler, weight about 35 tons, £1,500. The cost of packing for 
shipment and delivery free on board, London, is about 5 per cent. 

It is frequently desirable at waterworks tor the supply of towns, to provide an engine to be 
used in case of an accident to the principal engine ; for this reason, an exact duplicate is 
frequently put down long before the demand necessitates both engines running at once. This 
plan, no doubt, has its advantages, but it is considerably more costly than providing a small 
high pressure engine taking steam throughout nearly the whole stroke, and capable in such an 
emergency of keeping the town supplied by running night and day. A very small engine will 
generally fulfil tiiese conditions, and as it has only to be used for a short time at long intervals, 
when the main engine is undergoing repairs, its low first cost more than compensates for the 
want of economy in consumption of fuel. 

PUMPING ENGINE, Fig. 257, fulfils conditions differing from those last described, and was 
designed and made by the Author's firm for supplying water to the town of Ipswich, 
Queensland. 

The specification issued by the Government of Queensland, on which* several engineers 
were invited to furnish designs and tenders, stated, that the machinery must deliver 30,000 
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Fig. 25li. 
and villages. It was originallj conatruct«d tor the New South Wales Railway Slations, and 
WU8 calculated at 27 slrukeB per minute, to miae 2,500 gallona per hour lo a height of 300 feet ; 
but the piopurtious con be modified to bo almuet iafiaite exleut. and it may benorlied uptolO 
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itiokes per minntfl. Whea the vaier ia witliin 25 Teet or ttie tnrface, the pamp is fixed lUtectly 
over the well on the engiDO bose-plute ns shewn ; but for use in deep welU it U placed at an^ 
convenient depth btlow, and the pnmp rod carried down through the baso-plate. The pamp is 
on the ram and bnckct principle, worked direct from the piston-rod; the engine illustrated has a 
bucket T inches in diameter and a ram 5 inches diameter, with a stroke of 13 inches : the steam 
pistm being 9} inches diameter, and of the same stroke as the pump. The snction, bucket, and 
dellTet; valves are gnn-metal cireular griits, witli india-rubber discs, and the two coIiudds 
Buppcolillg the cjliuder are used as air vessels for the suction and deliverj. The bucket and 
iTonitig barrel of the pump are below the bese-jilBte. and covers are provided totbesuctiou and 
delivery valves for examination and lepaiis. The crank and connecting-rods are of wroi^bt 
iron, and Ibe whole of the bearings and glands are of gun metnl, and adjustable. Tho 
eceentrio which works the slide valve, also drives a small hollow plunger feed pnmp placed on 
the besB-plate behind the pump. Thisisnut seen in theongtaving. The gOTemotsareonthe top 
cover of the steam cylinder, and are fitted nttli cons gut pulleys for driving at vaiiable speeds, 
throttle valve, and levers ; small high speed governors cau be substituted for these, but ns has 
been before mentioned, the work on a pumping tngine is usually so regular, that goveruers are 
not required. A heavy fly-Hlieel is keyed on to the crank-sl^tt, the and of the ehafl beini? 
earned by a plummet block in a wall box, or. if more convenient, a plummer block is fixed on a 
short stand, or brick-work pier. The whole is mounted on a strong cast-iron b«se-plute, in 
which the delivery passsges are cast, a flanged connection being made with the pipes on the 
underside of the plate. Tlio steam for this en^e is taken from a Cornish boiler 10 feet loDg by 
3 feet 6 inches diameter, bat when tijc space available is limited, a vertiisl hotter may be 
adopted. Particulars of every class of boiler will lie found in Section 1, pages 51 to 64. 
The price of such an engine with a Cornish boiler of the size given, und all connection (boiler 
not mor« than 20 feet from engine), is £230. The total weight is about tj tons, and the 
cost of packing for shipment, 5 per cent. 

TESTiou anas 

WITH DOUBLE- AOnHO 
urr AHD TOBCI pniF. 

When a largo supply of 
water is reqmred in situa- 
tions where power cannot 
be eawly obt^ned from an 
existing engine, or where 
a large engine is only 
running the usnol working 
hours, whilst the water 
anpplymustbe continuous, 
this compact arrangement 
may be usefiilly employed. 
It iias been used for well- 
sinking, as well as for 
the wutcr supply of Paper 
Mills, Tanneries, Biew- 
eries, Kuilway Stations, 
and similar estHblishmonts. 
The Bteam is brought from 
n boiler in any convenient 

position to the steam 

cylinder, which is at one 

end of the base-plate, the 

pump being seemed to the 

otiier end ; and where the 

pump is nsed as a Fire 

Engine, or Boiler Feed 

piimp,'or for forcing to a. 

great height, the central 

column forms a capscious 

air vessel as well as carry- 
ing the sbsft bKariiiira. 

The crsuk-plftte is made 

eitra hirge ta act as a fly- 
wheel, snd is balanced, 

and the engine and pump 

sre got up in the bist style. I^- 

In order to make the en- i 

gine available for otiier 
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turpoaea thao pnmpii^, a pulle; is ke;ed on the crank shaft for tranainittiag tbe power by a 
»ther bwid. The armngMnent shown is for wells not eiceediag 20 to 25 feat deep ; bat where 
the water ie a greater depth from the euiface, the pump iB fued in the well, and the pomp 
rod poBaea through the base-plate. 



FBicsa or Vertical Ensihb 


AND POHP, Fig. 2SS 








Diameter of Bteatnojrlinder in iochea ,. 
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«» 
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s* 
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81 




3 
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12 
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12 


12 
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Gallons per hour at JO stroke per minute 


1000 


1350 


1S0O 


2500 


5250 


11-500 




£50 


£55 


£65 


£75 


£85 


£110 
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17 


25 


30 


35 


10 



DIBSCT-ACnilTQ TEBTIDAL BTSAX 

FUKPB, Fig. 260. The frame caating 

OnnBLBtB of one hollow cotomn, hranohiug 

out iuto bracketa at the top to which tlie 

steam cylindera are fixed, and spreading 

out at the bottom in an arched Ibrm. aa 

shown in tbe eugraviDg ; the baae-plHte ia 

oast in one with the wst of the framing, 

and strong li^ are provided for the 

foundation bolts. The pumps aro simpln 

ram pumps, the plnogera l>eing flxed 

directlj to the ateam piston rods. The 

sleam cylinders are inverted and bolted to 

the braokets before mentioned, the valve 

boxes are placed with the covers outward, 

so as to be easy of access. The crank 

shaft is of hammered scrap iron immediately 

beneath the pumps, and is driven from the 

pistfHi roda by means of bow or kite connect- 
ing-rods. The poeilion of the crank shaft 

permits tho employment of extra long con- 
necting and valee rods. The pump plunger 

and ateam piston form excellent guides 

for each other. The bearing surfaces 

throughout are large, and the machine 

will run a long time with bat little 

attention or repair. A heavy fly-wheel 

is provided on tne crank shaft to equalize 

the motion; otherwise, the pompa being 

single acting would taose the engine to 

rau irregularly. If desired, governors can 

be supplied with the engines at an increased 

cost of £7 to £12. All the parts are 

accessible both for oiling and examination, 

and the proportions of the valves and 

passages are so ample that these pumps 

can be used for tar or other thick liquids ; p- ngo 

' pumping water from collieriea, ^' 

, ng small l«wns, faotory or station tttuks, for feeding boilers, or as Are engines. When 
onstanUy required for pumping, tho engines may be utilized for driving machinery, the 

power being taken by a strap from the fly-wheel. 



Bumil^ng a 



PBIOBS op SlNQl.BhAOTINO PuMP 


WITH 


HE Sam 


AND ON 


B Cf LINBBB. 




Diameter of ram in inches 


2 














Length of Btrobe „ 


4 










9 




Number ofatrokes per minute .. 


180 


144 


120 


103 


90 


80 


72 


Gallons pumped per hour 


475 


750 


1080 


1470 


1920 


2430 


3000 


Horse power boiler [fed .. 


30 


48 


fi7 


04 


122 


155 


192 


Price of engine and pump, &c. . . 


£20 10 j£25 5 


£30 


£34 15 


£40 15 


£46 15 


£54 
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DOUBLE-AOIIKO PDHP, WITn TWO RaMS AMD TWO OtIJNDBBg, Fig. 260. 



ISfiO ' SI60 2940 ' 



£18 £SS £«2 10 £72 £S1 15 £93 15 ' 
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80 
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4860 
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12 


14 


60 




8640 




1 5.^2 


741 


£120 


£150 



fi 
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10 


12 




: 18 - 


20 




4.1 


' 40 


36 


SO 


-wwn 


1 19440 


24000 


34560 




1240 


1536 


2211 


IHti 


|..o 


£306 


£381 



IMameter oFntm Id inchea 
Length of stroke „ 
Number of stiokea per minute ■ . 
GbIIoiu pumped per hoar 
Hnae power boiler fed -. 
Price 



I DifiinetGr of ram in inches 

I Length of stroke „ 
Number of BtrokeB per minute .. 
Oftlloos pumped per hour 
Horse power boiler fed ,, 
Price , 



The <luuneter of the steam cylinder will depend upon the Bl«ani pressnre available, aud the 
height to which it is desired lo raise tlio water. Fucking for sljipment 3 per cent 

APFIEBTB DIBECT-ACrnra STEAX PUMP, Fig;. 261. This oompact, cheap, and 
durable form of direct-acting Kt^nm pump is so simple Aat it rarely gets derangi'd, and does 
not require the attention of a akjlled 
driver. The working parts are either of 
bard gun metal or hardened steel. Tlie 
cjlinder is of hard grey cast iron ac- 
curately bored and fitted with a metallic 
pinton with rings and springs. The ail- 
missioD of atcom to the cylinder is 
repulated by an ordinary D valve driven 
by a return crank aa aliown. The cross- 
head is of wrought iron guided on both 
aides, and ie cottered lo the piston rod; 
there are double connecting - rods and a 
lieavy disc fly-wheel, tiiB whole being 
mounted on a snitable caat-iron base-plate 
provided with holes and bosses for founda- 
tion bolta for fixing the engine to brick 
work or timber as may be desired. 1 hese 
pumps are need for feeding boilers, as fire 
engines, for supplying tanks, or for liftint; 
and foreing hot liquors. The pump is 
double actin?. its piston being fitted with 
guti-meta! rings and springs. Every 
pump IB fully tested in sLeum before 
leaving the works. 

Theie pumps are very economical as 
regards consumption of steam, and being 
carefully designed and finished they are 
well adapted for permanent use, sneh as 
filling railway slution and other storage 
tanks, one ariangemeitt of which is illus- 
tmted.by Fig. 202. . 

The number of gallons ta calcttbUd 
for 80 stroke of the pump per minute, tliis 
is a good average working speed, but it 
may be snfely increased. A suitable air 
Tessel £i to £5 each. 

For prices of flexible hose, unions, 
nozzle, &a., for fire engines, see pp. 124, 
12ti. 142-151. 

For prices of wrought- iron tobing see 
pp. 163 & IM. 

Packing for shipment costs 4 per cent. 

For smaller sizes "f boiler feeders see 
Ffg. 261. pages 22 to 25. 
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Prices of DiBEcrr-AcTura Fumpb, Fig, 261. 



Size number 

Diameter of pump iQ IncheB 

QallonB delivered per hoar 

ApproKinuite horse power of boilers which pump will fe 

Diameter of steam supplj pipe in inehes 

„ enctiDn pipe in incbes 
„ deiiverj „ „ 
Price complete, as ^own 
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■61, 


4 




3350 


115 


225 


It 


li 


n 


1! 






2 


2 


£43 


£60 
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FUKFDte IK&IirX, TA>Z AVD WATIB 

OKA:n, Fig. 262. Suitable for railway atatioiis, 
faotoiies, oi countiy honseg, in the latter txue 
the water-crano being; evidently not required. 
A vertical boiler of the type referred to, Sec- 
tion I, pages 61 to 63, eupplie* iteam to a direct- 
acting lertiiail pumping engine (see Fig. 261, 
psfte II), or to a liorizontal pumping engine (see 
Figs. 265 to 267 ). The tank forms the roof of 
the engine-hooae: the beat from the boiler and 
engine, with a chimney passing through b tube 
in tile tank as shown, u sufficient in England 
to keep the water from freezing in cold weather. 
The water crane is carried by a cest-inin bracket 
fitted with a gun-metal toe step, and a gun- 
metal bushed gland at the top, leather hose, 
stop valve, Ac The cost of euch machinery 
necessaril J varies, with the proportions required. 
But a pump to draw from a well not eiceeding 
20 feet deep, and force 1,700 gallons per hour, 
cast-iron tank, 12.0 x 10.0 x 4.0, with boiler 
and water crane of 6 feet radius as shown, 
costs £195. No foundations are required beyond 
the oidinary wall and floor ; this arrangement 
is low in first cost and economical in working 



TXBIKIAL EKOIBS, BOILER, AXU WSU. 
FUItFS, Fig. 263. Engines of this Qrpe are 
frequently used in connection with well pomps, 
either double or treble barrel ; but the latter 
are to he recomni ended, the power of the engine 
beiug more equally absorbed as a more constant 
and re^lar stream of water Is delivered. The 
boiler is vertical, and can be of any of the Uu^e 
forms referred to at SeclioD 1, pages 61 to 63. 
The prioe and description of the engine will be 
found at Section 1, page 11. The cylinder, 
valves, standards, and details generally remain 
the same as shown in engraving, Fig. 8, Sec- 
tion 1, page 11 : but Uie base-plate is enlarged 
sufficiently ta carry the boiler and the bearings 
for the pump crank shafL A heavy Hy-wheel 
is fitted on the engine crank shall, and spar gear 
of suitable proportion and strength connects 
the engine and pomp crank shafts. 

The pump barrel are made entirely in cast 
iron, cast iron bushed with gun metal, oi of gun 
metal throughout, as may be preferred, tlie 
cost naturally valuing according to the metal 
selected: but it should not be forgotten that 
with some water, the extra cost of gun metal 
over cast iron will be more tlian repaid by the 
much greater length of time it will last; also, 
that if tbe pumps should remain unused for a 
considerable time, less trouble will be expe- 
rienced in starting agaiu if gim-melal bairels 
are employed; but if the water is pure and 
tite work constant, cast-iron barrels are fre- 
qnently employed with excellent results. Tbe 
pump rods are made of wrought iron, excepting 
the bottom length, which works tbtongn the 

;mnp gland, this is usually made of copper, 
'lie pump has wrought-iron forked oonneotujg- 
lods fltted with adjustable guu-metal bearings, 
top and bottom, and the upper part of the pump 
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rod vorka in ^ideB bnalied mth g:iui-metal, and carried ty girders flzed in tlie sides af the velL 
A wind bore and (uBually) a foot valve ia provided on the auetiou pipe, and an air lewiel on 
the deiivery pipe or riaing mflin. 

PumpB arranged on this Byslemaje BQitable foralntOBt any depth of well; (Hid as the depth of 
well and quantity of mater to be raised wiUyBrjin each case, ft table of ooBt cannot be made whiot 
should cover every example. It may, however, serve bb a guide to know that a 4 horse-power 
engine and boiler complete, with treble barrel-pnraps. 6 inches diemeter, and 1 8 inches fitroke, 
of cast iron, lined vritb.(nia metal, and capable of delivering KiO gallons per minute (9,600 per 
hour), ft»m a well of 100 feet deep, costa fayS, including suction and deliveiy pipes, wind- 
bore, air vessel, &0,, complete and ready for fixing. 



Fig. 201, 

HtUtlZOHTAL GKABZU FUKPinG EITGIHX, Fig. 264, is suitable for drawing from any 

depth up to 25 feet, and forcing to any reasonable height; also for drainage and irrigation 

porposes, supplying railway tanks, factories, small townu, or for contractors' work. As will be 

seen from the engraving, the arrangement consists of a horizontal double-aoting lift and force 

pump driven by a horizontal engine througli a spnr wlieel and pinion, the steam piston may 

therefore travel at a BntBoient speed to secure economy in conanmptionof steam, whilst the pump 

runs at the moderate speed necessary for efficient working. In direct^oting pumping engines, 

anlesa carefully designed, either the steam piston moves tix> slowly to obtain an economical 

consumption of fuel in proportion to the work done, or the pump piston runs so ^t that the 

pump cannot be entirely filled at each stroke. The steam cylinders are cast of the best grey 

metal in one with the guide bars, both the cylinder and guides being accurately bared and 

fitted ; the piston is metallic, and fitted with rings, springs, &c The piston rud is steel, and is 

cottered into the cast-iron cross-head. If necessary, a boiler feed pomp can be titted on the top 

cross-head. The connecting-rod is made of best scrap iron, and 

bearings at each end. The crank shaft is of scrap iron, with 

two plnmmer blocks, fitted with adjnBt*ble gun-metal bearings. 

I the crank shaft The spur gearing is Of the proper strength 

ng of the most approved ahape for working noiselessly and 

riven from the large spur wheel, turned bright; into which 

k pin. There is a wrougbt-iron tnmed connecting-rod fitted 

ings at the crank pin end, and bushed with gun luetal at the 

id is of cast iron cottered to the pump tod, (he guides are 

bored and bolted to the pump cylinder and the bed-plate, and form a guide to the pump like 

that on the steam cylinder. The pump ia double acting and is made of cast iron bushed with 

gun metal, or entirely of enn metal. The valves can bs of almost an; sort, such as metal to 

metal, or an india-rubber disc with gun-metal gratings and guard plate. A suitable air vessel 

is provided on the deliveiy. The whole is mounted on a strong oast-jron bed-plate provided with 

the necessary facings fur the various parts to be bolted to, and with boles for foundation bolts. 

Pumping engines of this type make excellent fixed fire engines. The following list gives 
the prices of these engines complete, with cast-iron pumps, cast-iron air vessel and bed-plate, 
but esclosive of foom&tion bolt^ or steatn connections. 
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The arrangement afdmits of other oombinations beiaj; readily mode to snit any quantity or 
liead of water.' 

Pbices of Horizontal Geabed Pumping Engines, Fig. 264. 



Nominal horse power 

Diameter of steam piston in inohes 

Stroke of f. 

Diameter of pump 

Stroke of „ 

No. of gallons pumped per hour 

Height to which water is forced in ft. 

Price complete 






i»» 






3 


4 


5J 


3 


4 


5i 


6} 


7J 


5* 


6} 


9 


10 


10 


» • 


10 


4 


4 


4 


5 


5 


12 


12 


12 


12 


12 


2H00 


2600 


2(m 


4<».')0 


4050 


230 


800 


34.5 


150 


200 


£i)0. 


£70 


£80 


£08 


£78 



5J 


3 


4 


7i 


54 


6J 


10 


9 


10 


5 


6 


G 


12 


15 


15 


4050 


4900 


4900 


225 


120 


160 


£88 


£80 


£90 



• 

Nominal horse power 


5i 


3 


4 


H 


7 


8 


10 


3 


Diameter of steam piston in inches 


n 


5J 


6} 


7* 


8i 


9 


10 


54 


Stroke of ,, „ >• • • 


10 


9 


10 


10 


14 


14 


14 


9 


Diameter of pump „ i> • • 


6 


8 


8 


8 


8 


8 


8 


10 


Stroke of ., „ n • • 


15 


15 


15 


15 


15 


15 


15 


18 


No. of gallons pumped per hour . . 


4900 


8500 


8500 


8500 


8500 


8500 


8500 


16000 


H eight to which water is forced in ft. 


180 


70 


95 


105 


1G5 


190 


240 


35 


Price complete 


£100 


£105 


£115 


£125 


£135 


£145 

a. . 


£160 


£125 



Nominal horse power 

Diameter of sUrum piston in inches 

Stroke of „ 

Diameter of pump 

Stroke of „' 

No. of gallons pumped per hour .. 

Height to which water U forced in ft 

Price complete 









4 


5\ 


7 


8 


10 


7 


8 


10 




Ci 


n 


^ 


9 


10 


8J 


9 


10 




10 


10 


14 


14 


14 


14 


14 


14 




10 


10 


10 


10 


10 


12 


12 


12 




• 18 


18 


18 


18 


18 


18 


18 


18 




16000 


16000 


16000 


16(100 16(»00 


23000 


23000 


23000 




45 


55 


85 


100 


125 


60 


70 


90 




£135 


£145 


£155 


£165 


£180 


£175 


£185 


£200 





If bushed with gun metal, 6 per cent, extra. 

Packing for shipment, about 4 per cent. 

For boilers suitable for these pumpa see Section I, pages 54 to 64. 

HOBIZOHTAL ENGIHE AKD DEEP WELL FTTMP» Fig. 265, shows a plan and elevation 
of an arrangement for pumping from deep wells by steam power. A horizontal engine 
is connected by spur gear to the three-throw crauk of a treble-barrel well pump ; this admits 
the steam piston being maintained at a sufficiently high speed for economy of fuel, whilst 
the speed of the pumps is slow enough for efficient working. The horizontal engine is 
oompleto and self-contaiued, and is exactly similar to those referred to in Section 1, p. 8 ; if 
not requireid for pumping, the engine may be utilized for driving any machinery, the power being 
ta^en from the pulley shown in the plan, by a leather or india-rubber belt. In the engraving^ 
ordinary slow spe^d governors are shown, but these can be replaced by Appleby's Itigh speed 
governors, if desired ; or, if the engine is to be used for pumping against a constant head, the 
governors may be altogether omitted without materially impairing the efficiency. A heavy fly- 
wheel is keyed on to the en^ne crank shaft, and the outer crank shaft bearing is bolted to the 
pump plate. A cast-iron phtte, or in large sizes four girders, span the top of the well and carry 
the bearings for the pump crank shaft. This crank shaft is of best wrought iron^ the orauks 
being bent so that the grain and the full strength of the iron is preserved. A bearing Is 
provided between each, pair of cranks, fitted with loose cap, bolts and nuts, and adjustable 
gun-metal bearings. The pump connecting-rods are wrought iron, forked at the lower end to 
span the guides, and fitted with adjustable gun-metal bearings. The end of the pump rod 
works in a gun-metal bushed guide, the rods oeing further guided where necessary by brackets 
fixed to timbers or other bearers bricked into the walls. The pumps are of the ordinary kind, 
the various sizes and prices of which will be found at pp. 101 and 102. The three pumps iJl draw 
their water through one lar^e pipe fitted with a windbore or strainer at the bottom, and deliver 
into one cast-iron rising main furnished with a retaining valve and air vessel. Doors are 
provided to render it easy to examine both the pmnp valves and retaining valve. Although it 
is not always necessary, it ia generally better to have gun-metal pump barrels, or for the larger 
sizes, cast-iron barrels bushed with gun metal. 
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DZEXCT-ACTUiO BTBAK FUKPS. The adTKntagei poeaessed b; direot-actiog steam 
pumpa of the conetniction illnBtmted by Figa. 266 to 2(W are nlmoet nnivermllf aoknow- 
ledtned ; and there obd be no better argument in their fkrour than the fact that thouaands 
hftvo been in conatant work for many jealB and tbey ate rtill being aold eiteiiaively. They 
occupy a amall apace, coat but little, are easily and quickly ftitd, requiring no apecial 
founOBtioDB, and cud be applied to any puipoae for vhiuh alcam pumping nuuibinery ia 
required, wliether for hot or cold liquida, i^emicelB ui aemi-flaidB. The mort improyed tji-e 



Fig. 266. 

hare few workin;; part-', there boing no fly-wlieeL goTernais, crank, crank shaft and bearings, 
connecting-ioil, eccentrics oi ecc4:ntric toiIb. and the wear and tear is canseqiiently redacted ub 
compared with engines uf the ordinary type. 'I'be; are especially apptica^ile for intcnoittent ur 
temporary use in draininj- quarries or mjneB,B8 they can be flied in the worldngs and will force 
water lo almost any height, some being already at work against a head of a tbonaand feet a«id 
upwaide. The toial coat of a direct-actitig steam pump for mining purpoaes would acareelj 
exceedtbeout]ayneceB8aiyfi>r the foundations of en oiditiaiy Coj-nisbbeam pumping engine; but 
on the other hand, they ace leaa eoonomical in conaumption of steam than thoae enginea whitii 
will work eipuDsirely. Tbey are auilablu for boiler feedeis mid tor employment m facturiea, 
chemical'm&nure and soap works, &c., and are largely employed by brewers, and to supply water 
to public baths and wash-houses. They can be arranged especially for use aa flre-engines or 
for contractiira' work, raising sunken vessels, &c.. where large quantities of water aru to be 
delivered to a comparatively amall heigbt. Special valves are fitted in pumps for pnmping 
severe, tar, alc^iiol, tan liquor, Ac Lista are given of the sizea usually maile, but any other 
oonibinatioD can be arranged, and the only data required is tbe quantity of water to be pumped 
in a given time, the Jieight to wliicli it is to be forced, and the available steam pressure, if the 
pump la to be uaed in connection with an existing boiler. Direct-acting steam cylinders are 
sometimes combined with air pumps fnr use as blowing engines, fur blast fumacea, ventilating 
rainea, or in connection with pneumatic dLspatch tabes. Direct-acting pumpa are aleo made to 
be driven by compreseed air. 
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cAkSSDITB BTIAK PirilF, Fig. 267. le fitted «itU a Holnaa'a patent Bteam con^lpnaer, 
and at pp. 17 to 20, Section 1, this and BOTeral otber condenserB are described wbich 
msj bn used in cnnuectioD with Bteam pumps. Condensers sinular b> that ebown in tbo 
eoginiring nre made to suit any kind and size of steam fiami). and are said to effect a saving of 
from 20 to 25 per cent, of fuel, whilst they also get rid of the eibaust steam whioli is often a 
^reat iiQiBBDoe in mining and tunnelling operations. The condenser forms a port of tlie snotion 
pipe, and mainlaias a vacunm of about tl lbs. per square inch ; this pressure acting, ns it 



does, on the whole aren of the piston, natural]]' lar^l; increases the power, and consequently 
the efficiency and economj' of tlw pumping engine. If the pump is intended for feeding boilera, 
a condenser of this or a similar sort should be attached to it, as the heat of the exhaust steam ia 
absorbed by the feed water, and passes with it into the boiler, producing a marked economy in 
the consumption of fuL-l. These condensers being self-acting require no adjustment or special 
attentkm of the engine-driver. 
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" ViriTZBUL " mAX nrXP, Fig. MS, illnitmtei auothor diieot-acting atom pomp 
which IB RppJicftble to tlie wme pnrpoM. at Figi. 266 and 267. The mwchaniotti arrangemeaUaie 



Dig. 206. 
F Uhiteiwjil Bteav Fdup, Fig. 2 



Steam oj lindet. in inches 
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U 


li 


Galli. per honrCnppmx.) 


760 I75C 


3000 


VOIII 


8500 


5800 


/ml 










No. of Btnikea pti niin. 


100 100 


100 


NS 


8S 


65 


M 


ss 


M5 


M 


85 


Total lenKtb in iocheB.. 


afi 


iUi 




44 


46 


48 


■H 








4fi 


1(1 


V/: 


13 




IS 


15 


ly 












IKH 


m 


aw 


B04 


384 


522 


392 


44H 


flfiO 


700 


4fifl 




iis 


£22 


£2510 


"' 


£28 10 £32 10 

i 


£27 £31 10 

1 


£as 


£42 10 


£85 



Steam ojUuder, in indies 


7 


7 


7 


9 


9 




in 


12 


12 


12 


12 




5 


tl 


7 


5 


6 




6 


7 


K 


10 


13 


Snotion pipe „ 


a 


4 


5 


4 


4 




5 


5 


fi 


» 


9 




at 


3 


4 


3 


3 




4 


4 


5 


R 


9 




1 


1 
















2 




Eibanrt „ 


U i li 


u 


2 






lit 


at 


2t 




2* 


OallB.per hour (npproi.) 


550< 790{ 


10800 


5500 7S00 


10800 




10500 


l»V(H 


2150O 310001 


No. of BtmkeB per min. 


«5 8.S 


85 


70 


70 


70 


•Srt 


55 


.S5 


55 


56 




48 52 


64 


5H 


58 




(W 


74 


(*■/ 


87 


87 




15 17 


26 


17 


17 


26 


V« 


26 


3(1 


37 




Approx.neigbtinlbB. .. 


556 , 73S 


1120 


HK4 




1316 


I7I!'I 


1240 


■/JlilO 


3640 






£40 45 


». 


« 


£55 


£67 


£80 


£82 


£102 


£136 


£155 



Packing for BhipmeDt 4 per cf 
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AFPUBTB rkTOn IKWKBT tTntSlMQ XKfilin for feeiint; boilers, Ac, Fig. 269. 
The meriU of these pmnps liave long been establiihad. In 1867 the Comniiseiou of the Paris 
Exhihition selected them foi nee in the boiler house of the 
British Section, and the Jury awarded the "MAiaille 
d'hoonenr" to the makers. Siaoe then man; minor improve- 
iDents have been introduced, but without alteration to the 
general design and proportions ; the remit is a very perfect 
steam pump. Thevalvei can be easily examined, and the 
whole of the nieohanism is bo limple and well arranged, 
there being no tappets or other parts requiring delicate 
adjustment, that they may be eutruated to an nuskllled 
workman. The working ports and valves are of hard gun 
metal or hardened cast steeL The pomp is fixed vertically, 

and may be employed for feeding boilurs, supplying tanks, or ^ 

for foromghot hquors, &c 80 many of the accidents to st«am 
boilers are traceablo to a temporary derangement of tlie 
ordinary feed apparatus, that it is most important there should 
be a sepaiate means of feeding every boiler independently 
of the engine, and in many oonntries (though not in Great 
Britain) this is made compulsory. These pmaps form an 
excellent auxiliary to the feed pump on the engine ; they 
can be used for feeding the boiler when the enfcine is 
standing, which is frequently a great conveniwwe, and the 
cost is so small as scarcely to be worth, oonsideration in 
comparison with the advantages and additioiinl safety 
detived fiom their use. An arrangement for workini; 
the pompB by hand is supplied at a small extra cost,- this 
is a oonvenient adjunct, as by means of it the boiler can be 
filled when steam is not up, or can be tested by hydraulic 
pressure. If every steam boiler were tested by hydraulie 
pressure to about one and a half times the working pressure, 
at fixed periods about twice a year, any defective 'parts 
wonld most probubly be discovered, and many accidents 

disastrous both to life and property might thus be averted. Fig. 269. 

Aa some chemicals arc deteriorated by contact with iron 

and others by contact with braes, these pumps are made entirely of either metal requireil, 
speoisl quotations for which will be neoeesary. The pumps referred to in the subjoined list 
are single acting, and are recommended as being simple and efScient. The various sizes in 
the subjoined list are kept in alock, and can therefore be obtained at a very lliort notice. 
Bach pump is distinctly marked with its size and nimiber, and being made to gauges duplicate 
parts can be had when desired if the size and number are mentioned. An air vessel may be 
fixed on the suction ordelivery pipe, oronbotb,at a smallincreaseof cost; and the arrangement 
admits of the suction pipe and valve being on either the right or left hand of (he pump, as may 



most . . .. 

The qnautities given in the following list are for single-acting pumps, worked at a hundred 
strokesper minute It is however sdvifable to have pumpslaTgerthanistheoretically required, 
and to run them at low speed, altbough being direct acting the>« is no risk iu worliing them at 
a high speed. 

Pbices or DoNEBv PuHPtna EnoitiBS, Fig. 269. '.' 



Pizennmber 

UaUims per hour 

Horse power of boiler fed .. ' .. 

„ eJhaust ,. „ 

„ suction and delivery pipes.. 

Hand gfOT extra 

Fscbing in case 


1 1 

60 100 

* 7 

1 J 

10/- 10/- 
3/- V- 


2 3 

2 -ii 
185 310 
12 20 

\ '1 

£10 5 £13 


4 

2i 
400 
26 
1 

i 

15/- 
7/- 



For prices of wronght-iron piping and connections suitable for these pumps, see pp. 153, 154. 
For prices and particulars of larger pumps citable for similar work, see Figs. 260 and 261, 
pp. 13 and U. 
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BZEXEira SOTAKT PtmP AKS ZHOIKK, Fig. 270. Tbeie engtnci and pnnipi have 
beeo for Bnme jenra extensively used in the induBtrial ealablialirnHntu of America and the 
Continent of Europe, kb well fta by the GoTernraentg of tlie United StatcB of Amerirft, Franw, 
Bnsaia, &c, Priz^fl haTe been awarded at tlie American Ii>8tilute, 18ti7 ; Fafi* Eihibitiun, 
1867; and Havre Bxliibition, 1868 ; and tbe working resnlta bave indiGaled maiiy adiantageti. 
There are no valves and onl; two working parts, from which it may lie infened that the 
machines are not liable to derangement, aud are very diiral>le ; whilst ip regularity of motion 
they must neoeaaaiily be Bupfiior to any pnmp having a recipiocLting action. 

Behren'e pomps were Hubjectad to a series of eihaustive oompelitive teats and investigation h, 
instituted, in the first instance, by the Goveinment of the United States of America ,- 
Buhsequently, by tlie luiporial Goremmenta of France, BuBsia, &c. ; and, lasUy, by the Autbor's 



Fig. 270. 

firm prior to nnderlaking the mannfactnrB for Great Britain. The results obtained were bo 
satisfsctoiv that lhf«e pumps were adopted by each of the Govemuieots alwvo named, and are 
now introduced in this country. 

In Fig, 270 the engine and pnmp are combined : both are onnetructed on the same 
principle, and lach is complete in itself, the only difference being that the relative piatun areas 
uf the engine and pump are varied according to the work to be done. Engines of thia class 
can be made on the compound principle so as to use the steam expangively ; bat tlie (iist of 
furi is rarely so excessive as tu render tbie neceafiary, tlie ordirmry engines being snlHciently 
economical under all ordinary conditions. 

Tbe steam and water cooneclions are of the ordinary hind, and, as will be seen from tbe 
engravings, are easy of access ; the Inrger sizes are made with flanged connections, but the 
smaller sizes are usually fitted for screwed pipes. 

The principle on which Beliren'e rotary pumping engine is constructed will be easily 
understood if reference is made to Fig. 271 which represtnts a section of tlie engine and pump, 
and clearly shows the internal arrangement. The pistons A A' are attached to aufrsteel 
shafts B B' parallel with each other, and geared together with spur nbeels as shown in 
Fig. 270 ; the teeth of these wbeela are very accura(bly cut so as to work almost noiselessly, 
1'hese shafts, therelore, rotate at equal speeds and in opposite directions. The segmental 
pistons A A' are concentric with tbeir respective shafls, and tbeir outer (or larger) surGices 
rotate within the cylindera C C, whilsL their inner (or smaller') surfaces rotate around the 
stationary losses it'. The aies of the abafts are spacid such a distance apart tbat tbe <mt«- 
surface of tbe piston A fits into a recess in tbe fixed boss b', whilst tbe outer surface of piston A' 
Hts into a recess in the fixed boss b, so that in tbeir rotation about these bosses, steam, water, or 
whatever gas or liquid is acting, or being acted upon by the pistons, is prevented from passing 
between the pistons and bosses. This is the distinctive feature of the invention, and it ensures 
that economy in working which has not hitherto been obtained in tlie rotary engine or puiap. 

From the foregoing description it will be seen that by simplicity in the arrangement, and 
in (he number of working parts, the chance of derangement is reduced li 
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there are no vahes to get ont nf nrti 
other fluLils lire pumpeil with eqi 
particalarly adapted lor dealing willi 

The bilge pumps on board the 
French iianclada;Solferiria,Miigenla, 
&o, alw> the largy circulatinc pumps 
foe tlie Anierk'an Navy, and the 
liquor pumps supplied to Mesers. 
Truman, Hanbury, and Co., are ua 
the compound {Woolf s) Bjstem W 
fore mentioned. ThiaariaBgement 
forma the mbject of a aepatate 
patent, which intlnilea a very effi- 
cient and iaeipenuTe aystem uf 
surhee condensation. The appli- 
cation of these improvementa lo 
a pumping engine where a bij^b 
aTerege duty is required tor fuel 
conanoieH, ih a, ducided advunlage. 



r«j7. ■ 



. of 



coosiats of the pumj 
together, with the boiler and con- 
nectiona mounted on a strong 
wrought-iraii carriage, which is car- 
ried on suitable wrought-ironwheols, 
the front pair being fitted with lock- 
ing gear and sbaftB. Tbia forms a 
hfmdy macbiue for irrigation or 
drainage, or for contractors' use. - 
The pumps are sometimes made 
entirely of brass, in which case the 
cost is of coureo considerably increased ; in the arrangement shown in Fig. 270 the extra coat is 
25 per cent. To decide the requisite size of these pumping enginea it is newssary to know 
the nnmber of gallose to be delivered pi-r hour ni minute, the height, and the available stenm 
prcesuK^ if it be intended to take stesm frota an existing boiler. 

pBiOES or Behbgn's Rotary Puupihs Ehoineb, Figs. 2T0 and 271. 



Fig. 271. 



Size nnmber 


1 1 2 


3 


4 


5 


S 


Gallons per minute 


8tDl5 1 20to40 


40 to 80 


80 to 150 


150 to 250 


180to300 


„ hour . . 


480to90012iWto24002400to4800 


4800toB000900«to 15000 10800tol8000| 


Will feed boilers H J*. 


30 


80 


150 


300 


400 


600 


Diam. of water pipes 


1" 


li" 


2" 


3" 


4" 




Length of base 


1'2" 


1'8" 


2' I" 


2' 3" 


2' 8" 




Width of base 


10" 


I'S" 


1'8" 


2' 


2' 




Ertame height .. 


11" 


1'4" 


1'9" 


2' 4" 


2'9" 




Prioe 


£30 10 


£36 


£60 


£78 


£110 


£i60 



I ttOTABT POWIE ^^l^*^, DEIVEir BY 8TEAP, Fig. 272. Although the 

oomblned engine and pump shown in Fig. 270, and deacribed in the preceding pages, is 
the arrangemeat most frequently adopted, where there is a motive powpr available the pump 
alone is nsed a« shown in Fig. 272. 

In the arrangement for Urge sizes the two sliafts are placed on tlie same level, instead of 
one above the other as in Fig. 270 : this saves height and adds to the alability of the whole. 
The pomp is mounted on one end of a strong cust-in>u base plate, the other end of wbicli carries 
the outer bearings for the shafts ; holes are provided in the base plate for holding down bolts. 

The power is transmitted to the pump through a ettap on the fly-wheel, which is accurately 
balanced, tnroed on the rim, aii{l Keyeil to one of the shafts wit^ a sunk steel key The 
bearings are of gun metal or patent white metal. 

In fixing Oiese pumps it is advisable to place them 9a near as practicable to the water to be 
pumped ; they wilt however, draw from a depth not ciceediug about 24 feet, and will force to 
aboost any be^ht 
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The prioes given below are fw cMt-iton pumps and do not iudode Btr&ps, foundation bnlU, 
t any piping. Add 25 to 30 per cent, if the pomp is made in gan metal. Fur water eugiaes 
n tbe eame principle m tbeee pumps, sob p. 63, Section 1. 



PlllCMO 


Beubeh' 


RoTiBT Pturs ON Bapb Plate. 






SUennmbcr .. 

Gallons delivered per hour 

Price complelB aa shown 




- i 1 

.. £23 5 


2 1 3 
2200 ; i400 
£27 £44 


4 
RROO 
£52 


5 

13'500 
£81 


6 

18000 

i;i2G 



Packing for Bbipment about 3 to 5 per cent. For prices of suitable piping, seu pp. 118 to la4. 

DIJICTOSS FOX BOILES FEEDDie, As., Fig. 273. Tbe injector ia a very convenient, 
and compact form of feeder for boilers of all kinds, whether locomotive, raej-inc, stationary, or 
portable ; this ia amply demonstrated by the tlionsandB which are now in ui« uU orer the 
world. A jet of steam forces the feed water into the boiler, and as the injectors will feed a 
boiler working under even a higher pressnre than that from which the jet is taken, the action 
seems at first eight iSither paradoxical. If, however, we renicmber that the expenditure of 
steam is abnnt fourteen times the volume of the water injected, and that the same quantity of 
steam employed in a donkey pnmp would have easily performed the same work, the result 
obtained fnim injectors ceases tu be astonishing. The power in a jet of ateam is expended 
in giving momeutum to ita particlea, and it is clear that any apparatits which utilised this 
power withont waste would produce as great an effect as a steam engine. It is essential for 
the working of injectors that the feed water supplied be mot too hot to condense tbe jet of steam. 
and it has been found in prsctioe that the temperature of the feed water should never exceed 
135'^ Fahrenheit, and if it' does, the injector will not work satisfactorily. Tbe injector shown 
in Kig. 273 is an improved GiflVird, witlj a self-contained foot talve, and self-conteined means 
of regulating both tbe steam and water supply, and is, therefore, capable of working well at 
nil pressures. Although iitjectiirs will draw Uieir water from a considerable distance, tt is 
advimblu, if possible, to let the head of the feed water be slightly above the injector. The 
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Fig. 273. 
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IHJXCTORS FOB BOIUB nEDIHO, Fig. 274. The prii>-ii and partionlara oill be roniul 

on the preaedingf page. The other iiijectoni referred to vary Blightiy in 

not «ulKi.-ieQtly to make it neceesarj that each class should be illus- 
trated. Thua, Claatee U and I hare self-oontained etetm valve and 
back-pressure valve, whilst A and B have the tormec but not the latter. 
The injeotor ooats leas than a pump to deliver a correaponding quantity, 
and baying no parts in motion the wear and tear is very smHll. Tbey 
are entirely independent of the engine, therefore the boiler can be fed 
whilst the engine is standing, which is oftenagreatconvcnienoe. The 
steam einployed.in working the injector ia tetnmed to the boiler in a 
ooadeosed form, with the feed wuter, raising its temperature and pre- 
venting unequal ezpansioD, end cansing it to enter the boiler m a 
continuous stream. In fixing injectots the Mlowing rules mny be 
found naefnl. The pipes connecting the iiijectnl to the boiler should 
be of the diameter nentioaed in the lists. Injectors H and A may ba 
placed above or below the watel supply, but I and B must be below 
or on the same level. They may be fixed either horizontally or 
vertically. The not of the «ater-res;nlatiiig wheel most Ijo kept 
moderately light, to prevent the wheel being accidentally moved from 
its proper place. Tlie water supply pipe should have a rose on the 
end of it, and care must be taken that this pipe is air tight. As an 
extra precaution, a beck-pressure valve should be placed on the 
ilelivery pipe, betweeTt the injector ami boiler, also a regulating valve 
on the stoua supply pipe; the latter is a neceasity in Class I. When 
it is desired to start feeding, open the valves or cocks couuecling the 
injector with the boiler, then open the water snpply pipe to the ei 
tent required by the pressure in the boiler. The amnant of water fe 
may be increased by opening both the steam and water suppUes. 



Fig. 274. 



oalled 



XJBCTOBB FOE BAIBIVa WATXB AXB OTHEE PLUHM. These a 
elevators or ejectors, and are suitable for raising water, grain, liquid clay, pulp, or chatnicats, 
and many are now doing such work moat satisfactorily. Four ctaasea of ejectors are tabulated 
below. Class L are for both lifting and forcing ; they will lift from 6 to 20 feet aooording to 
their sise, and force abont 1 foot hieh for each ponnd of steatn employed. Clasa K most not be 
placed more than from 2 to 6 feet abore Ibe liquid to be lifted, and will force to the same height 
as Class L with equal steam pressure. Classes M and N are intended for great lieixhta, and will 
force about 3 fvet high for each pound of steam ; but whilst those of the U class will lilt the 
same height as the L class, Class N will force only the water running Into It. 
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The above are the prices at the works, and do not include 5 per cent, for packing or delivory. 
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XAOHIinEBY FOB DXAIKAOE AVD IBSIOATIOV. The remaiDs of extensive works still 
in a high state of preservation, although they have for centuries been exposed to neglect and 
frequently to wanton injury, afford striking evidence of a high order of constructive skill, and 
of the importance attached to works of this character at comparatively remote periods. 

In more modem times the sanitary and commercial value of such works has, until recent 
years, been but little considered ; now, however, we see that in northern Europe large sums of 
money may be profitably invested in ai-titicially draining marshy or submerged land, so as to 
render it available for agricultural purposes, whilst iu the south of Europe, India, Egypt, &c., 
the most improved machinery for irrigation is a commercial necessity. 

The mechanical appliances in general use for both the purposes referred to, are illustrated 
and described in the following pages. 

Many good illustrations of the commercial results obtained under various systems of 
drainage are to be found in this country ; one of the most remarkable being that afforded in '* The 
Fens," now a well-drained and highly cultivated district, although many now living remember 
this large tract of country as marshy, and-for the most part almost worthless land. 

Much more striking examples, however, of the immense addition which may be made to 
the area of cultivable land yielding a> satisfactory return on the capital invested, are to be found 
in Holland ; and to that country must be ascribed the credit of showing that by indomitable 
perseverance and a judicious outlay of capital, pumping machinery may be profitably employed 
in reclaiming large tracts of submerged land, whereby the producing power of the country is 
increased and the sanitary conditions greatly improved. One of the earliest examples df 
successful undertakings of this kind on a large scale, and perhaps the best known, is the isecla- 
mation of the land once covered by the '* Haarlem Meer" in Holland. 1'he largest steam 
cylinders ever made were employed to drain this lake, the;area of which was about 45,000 acres, 
and the average depth about 11 feet. The engines have two cylinders, one within the other; 
the outer cylinder is 12 ft. diameter, and is provided with an annular piston having four 
piston rods ; the inner cylinder is 7 ft. diameter. These immense engines work eleven pumps 
fixed in a circle round them, ..and lift the water into the canals which are constructed for 
carrying it away. The engines and pumps are capable of raising nearly one million tons of 
water in 24 hours. 

WIAUMILLS. Both in this country and in Holland windmills were formerly much used 
for working drainage pumps. This is, of course, a cheap motor, but experience has shown that 
the power is too variable to be relied upon for keeping the water at a certain level, which is 
essential for successful agricultural operations ; hence many of the older windmills have been 
abandoned and replaced by steam-engines, or, if the windmills are retained, they are only used 
occasionally. The cost of maintenance of old mills, however, is so heavy, that it is often found 
more economical to take them down and work the pumps by steam. Even in countries such as 
Egypt, where coal costs from £2 to £3 per ton» or even more, and where there is a steady breeze 
for several hours almost every day, the windmill is too uncertain a motor for irrigation, and 
steam power is almost universally employed. Many other instances might be adduc^, but the 
two extremes, Holland, where coal is relatively cheap, and Egypt, where it is dear, will 
probably suffice to show that there are comparatively few conditions imder which wind power 
can be economically employed for drainage or irrigation. 

SCOOP WHEELS. Fig. 266 is an example of this class of machinery, which is especially 
adapted /or low lifts. The slow speed of working and the ample wearing surfaces are 'in favour 
of a low cost of maintenance ; the height of lift referred to in the illustration and description is 
probably about the maximum for which a scoop wheel can be employed with true economy, 
and then only if it has to work during a great part of the year. If there are long intervals 
when the machinery is not required, a centrifugal pump will answer every purpose, and the 
first outlay for it in buildings, foundations, and machinery, will be less than for a scoop wheel 
of equal capacity. 

SCREW PUMPS. These were formerly, and still are, much used for low lifts, and if 
roughly constructed they are inexpensive ; but, as is well known, the per eentage of duty in 
proportion to the power exerted is so low, that this system can rarely be economically adopted ; 
whilst if constructed on the scientific principles described in an able pamphlet written several 
years ago by Mr. Wilfred Airey, B.A., the screw pump is almost as costly as a scoop wheel. 
Having regard to all the circumstances, it has not been considered necessary to give examples 
and details of the cost of these pumps. Many screw pumps are still working, but in modern 
practice a scoop wheel or centrifugal pump is preferred. 

CENTSIEXTOAIi PUMPS. This class of pumping machinery is invaluable for raising a large 
volume of water to a moderate height The limit at which it can be economically used 
depends upon circumstances which are constantly varying. It may be as much as 40 or 50 ft., 
but may be fixed under ordinary conditions at or below 25 ft. from the level of water at the 
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BQction- to the point of discharge. Having regard to the Mai cost of the machinery deliyered 
and erected refldy for work, including the cost of foundations and huildings, when working 
within tht) limit last named, centrifugal pumps will he almost (if not qnite) as economical as 
reciprocating pumps, and tiie first outlay will he much lower for the centrifugal than for the 
reciprocating system. ' 

The machinery illustrated, Figs. 275 and 276, was supplied hy the Author's firm for drain- 
ing 'a large tract of land in Holland, and consisted of four centrifugal pumps on the whirlpool 
system, cMh with suction and delivery pipes 30 in. diameter, the outer casing heing 9 ft. 6 in. 
diameter. Each pump is capable of liftmg 90,000 tons of water in 24 hours to a height of 
5 metres, or 16 ft. 4 in. 

The power for driving the pumps .is obtained from a pair of horizontal high pressure 
expansive and condensing engines, the steam cylinders being 24 in. diameter, 48 in. stroke, 
steam jacketed, and tblted and lagged. The engines are coupled to a wrought-iron crank 
shaft 11 in. diameter at the centre, on which is keyed a spur fly-wheel 14 ft. 5 in. diameter at 
tiie pitch line and 14 in. wide ; this gears with a pinion keyed on a countershaft running the 
whole length of the pump-house, and transmits motion to the pumps by means of four mortice 
wheels about 8 ft diameter, each of which gears into a pinion on one of the pump spindles. 
The bf arings for the counter-shaft and tiie outer bearings for the pump spindles are carried in 
pedestals lilted to massive base-plates secured to tiie bed-plates on which &e pumps are 
fixed, and both the pump pinions and tlie wheels whidi drive tliem work between bearings, as 
bhown in Fig. 275. 

The engines above referred to are fitted with Meyer's expansion gear, which is more fully 
described in connection with the pumping-engine for town supply. Fig. 257. This very 
efiicient form of valve gear is especially useful under the conditions now described, because 
the engine can be started.under a heavy load, and the grade of expansion can afterwards be 
increased to the highest point at which the engine will work. This necessarily varies as the 
process of draining the lake proceeds, the heiglit of lift increasing as the water recedes. An 
efficient expansion gear which can be regidated to the work actually to be performed is, 
tiierefore, essential for economy in the consumption of fuel. 

The exhaust steam is led to a surface condenser of 6 ft. internal diameter, fitted with 360 
wrought-iron tubes 2^ in. internal diameter. Eight of these tubes are utilized as stays for 
the tube plates. The circulating water is supplied by a centrifugal pump, and this, as well as 
tiie air pump, is driven by a separate horisontal engine similar in construction to the main 
engines already described. The condensing apparatus is not shown in the engravings. 

The air-pump is double-acting, 12 in. diameter, 18 in. stroke, and is directly beliind the 
steam cylinder, the piston being attfuihed to the rod of the steam piston. The air-pump valves 
have india-rubber discs, gun-metal gratings and guards. The air-pump is lined with gun 
metal, and the steam cylinder is felted and neatly lagged with mahogany, like the cylinders of 
the main engines. Throughout the whole pumping station every precaution is taken to 
prevent loss of heat by radiation. A feed water heater on the exhaust pipe heats the feed 
water to a iiigh temperature before it enters the lx)iler8. A branch is provided on the exhaust 
pipe in such a position, that in case of accident to any pai-t of the condensing apparatus, by 
closing one valve and opening another, the engines can oe temporarily used at high pressure 
without the condensers, and the pumping continued. A separate donkey feeding engine is pro- 
vided, in addition to the feed pumps on the en«rine8. The stettm for all the engines is generated in 
single-fined Cornish boilers. Tlieie are four of these in the boiler house ; each is 6 ft. external 
diameter, and 25 ft. long:, and has an internal fine 3 ft. diameter, with seven Galloway tubes in 
each fiue. The steam dome is 2 ft. 9 in. diameter, and 2 ft. 9 in. high. The firegrate has a 
surface of 22*5 square feet. The products of combustion, after traversing the central fiue, are 
divided right and left, return along the sides of the boiler, dip down at the front end, and pas:i 
along under the boiler to the chimney in the usual manner. The lieating surface is about 528 
square feet, but of course it is not hU of equal value. The furnace front has a sliding 
ventilator, and there is an adjustable dumper in the flue leading to tlie chimney. 'J'hese inable 
the admission of air to be well regulated. Each boiler has two safety valves, each 5 in. 
diameter, one being locked up, so that it cannot be tampered with. There is a screw-down 
stop-cock 6 in. diameter on the top of each dome ; each of these is connected by a T-piece 
with the main steam pipe, which has an expansion joint in it between each ])air of boilers. 
The blow-off cock is in the bottom of front end of boiler, and the feed cock and check valve on 
the front. Each boiler is provided with a pressure gauge, gauge glass, fusible plug, &c. 
Owing to the swampy natiu-e of the soil, the pumping station, like many others in Holland, is 
built on piles, with the brickwork and nmsoniy on the top of them, necessary to give stability 
to the whole. The building is 107 ft. long by 50 ft. 6 in. wide; the engine and pump room 
being 63 ft. 9 in. by 48 ft. 6 in. between walls, and the boiler house 39 ft 3 in. by 48 ft. 6 in. 
A plant of machinery similar to that illustrated. Figs. 275, 276, and described above, would, at 
the present time, cost about £5,600. This includes all pipes and connections, but not the cost 
of foundations or erection. 
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The foregoing somewhat minute description will give an idea how Urge or smaller pumping; 
stations may be laid out, whether for the purpose of drainage or irrigation. In the case 
described, the pumps discharged into a canal, and the water was carried out to sea. For 
irrigation, the pumps discharge into a channel at a sufficient height to convey the water by 
gravitation to the land. 

The conditions to be fulfilled by pumping machinery vary so widely both in regard to the 
quantity of water to be lifted and the height of lift, that it will be of little avail to repeat 
examples; the cost, however, of a plant of macliinery may be pretty closely estimated by 
reference to the cost of the separate machines and materials. 

Centrifu«{al pumps being continuous in their action produce less vibration than recipro- 
cating pumps, and are for this reason, amongst others, preferred for use where the foundations 
are in swampy or soft ground. 

For temporary work the pumps «re often driven by a portable or horizontal high pressure 
steam-engine, but where economy of fuel and low cost of maintenance are sought, a condensing 
engine gives excellent results. 

Gentrifagal pumps with the engine working direct on the pump spindle, especially suitable 
tor floating or graving docks, or contractors* use, are referred to at pages 44 to 46. 

COHFOUND ENGINE AND CENTBIFXreAL FITICF, Fig. 277. This compact and efficient 
arrangement of machinery for irrigation was designed by the Author's firm, and supplied for use 
in Egypt. The wiiole arrangement is self contoined, all the various parts being attached to 
one deep msssive cast-iron bed-plate, which carries the crankshaft pedestals and the pedestals 
for pump spindle. The engines are of the vertical type, compound and condensing. The 
liigh pressure cylinder is 7 in. diameter and the low pressure cylinder 14 in. diameter, so that 
the areas are in the proportion of 1 to 4, and both have a piston stroke of 14 in. The vnlve 
boxes are between the cylinders, a cover being provided at the top for examination, &c., and the 
cylinders and valve boxes are felted, and lagged with polished mahogany. The valve of the 
low pressure cylinder is the ordinary D valve, but the high pressure engine is fitted with a 
Mayer's expansion gear, whereby the expenditure of steam can be res;ulated in accordance with 
the height to which the water has to he pumped. Each of the cylinders is mounted on, and 
cast with a pair of strong iron standards, which also form the guides for the cross-head, a portion 
of them being bored for this purpose. The pistons are cast iron, fitted with rings and springs, 
and secured to the piston rods by nuts ; tiie piston rods, which are steel, turned taper at the 
piston end, and shouldered down, and cottered to cross-heads at the other end. The cross-heads 
are cast iron fitted with loose Caoes. The connecting-rods are of hammered scrap iron, fitted 
with adjustable gun-metal bearings at botli ends ; the crankshaft end having a marine pattern 
. head. The valve rods are steel and guided beyond the glands, the eccentric rods are of wrought 
iion, and the eccentric straps of gun metal. The crankshaft is bent out of best hammered scrap 
iron, and runs in three pedestals fitted with adjastable-gun-metal bearings. The jet system of 
condensation is used, the condensing chamber being formed in the bed-plate. The cock for 
regulating the supply of injection water, and the air pump are in the foregn^und of the engraving, 
the latter of the ram and bucket principle, is driven by a crank arm, and pin on the end of the 
crankshaft, the valves being india-rubber discs working on gun-metal gratings. A spur fly-wheel 
is keyed on to the end of the CMnkshaft, this drives a pinion on the pump spindle, so that the 
pump disc makes three revolutions for each double stroke of the engines; this enables the 
engines to maintain a very moderate speed and obviates the necessity of the constant repair-s 
which frequently are a source of inconvenience in very high speeded engines. The pump has 
12 in. suction, and delivery pipes, the suction pipe having a toot valve on it., and the delivery 
being provided with a sluice valve. The pump disc makes about 600 revolutions per minute, 
and delivered 2,500 gHllons per minute to a height of 20 feet. Small covers are provided on each 
side of the pump casing, so that the disc may be examined without taking the pump to pieces. 
The steam for this pumping engine is generated in a multitubular semi-fixed boiler ; this boiler is 
made with an extra large firebox, with Head and Schimeoth's apparatus for burning straw, 
driven from the engine by means of a countershaft and belting. A small iron tank is provided 
ns a hotwoll from which the feed water is taken ; the feed pump is on the engine driven from 
one of the valve eccentrics in the usual way. In addition to the hot well tank there is a large 
tank to contain a supply of water for injection or for priming the pump at first starting ; this 
.tank not being always necessary is not included in the prices given. Pumping engines of this 
design (Fig. 277) work with very low consumption of fuel, and are well sulapted for graving, 
flouting docks, drainage, inigation, &c, in countries where fuel is expensive ; but where fuel is 
comparatively cheap, or for temporary or intermittent use, it may be unnecessary to adopt the 
compound system, and pumps driven by high pressure non-condensing sinorle cylinder engines or 
siuiile cylinder condensing engines may be used with advantage. These although less economical 
in working are considerably less inr first cost, and occupy' rather less space. Prices of all three 
classes of centrifugal pumping engines will be found in the subjoined list. Tiie coat of steam 
piping or cocks, feed piping, &c., or hot wells, is not included. In the list a height of lift of 
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20 feet ia assuined. If Bteam ia to be taken froiu an existing boiler, tlie working presaure must 
be stated. BoileiB are Dct included in the list, but pricei nf neatly every variety will be 
found on pages 51 to 61 in Section 1, and the cost of steeuu and feed piping may be obtained 
by reference to puges 118 to 151. 



Pbices of Coubiked Engines 



Fig. 277. 
HD Cdttbifdoal Pchfs, f 



i Diameter of pump pipes in inches .. 6 
i Gallons pumped per minute .. .. : 500 

' Price of single cylinder bigh presBiue) riin 
i engine and pump .. .. ..{. 

I Price of double cylinder high preBSUiei' eocn 

I engine and pump ji 

■ Price of compound engine and pump . £275 
Eitra for condenser, suitable for eitherl !.„„ 

typo ; ^ 



1500 1 2700 

£250 ' £aOO £350 

I i 

£150 1 £53g £e50 

£1QS j £590 [ £705 
£50 ! £65 I £80 
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HIOH PBESSintZ PUKFIITa XBOIirS. A neet and comptiot arrangaaient of a bonzontal 
single cjlindur non-condensing pumping engine, de!:igiied by Mesers. Lawrenoe and Porter, ig 
illustrated below (Fig. 277*}. The features of novelt; ore, that the centre ortlio pnmp spindle 
is raised above tliu centre lino of tho ongiae sullicientlj to clear the motion of the engine, 
and thus ounBidurablj' to aborten the bed-plate casting, although giving a level baae tj> the 
whole ; in most other deeigns the pumn projects below the bed-plate rasting. 

The pomp is constructed with a loose cover, to admit of the diso being removed from the 
pmnp casing for eiamiiintioD or cleaning, without disturbing the oomiections or the driving 
gear ; this is clearly shown in the engraving, as well as the small air pump for charging tbo 
centrifugal pump. Thie air pump ia driven m>m an eccentric pin on the end of tliu i;rank-shaft. 
working in a die and slotted croES-head, guided by the two round guide-rods ; a olutdi and lever 
moved by the Land-wheel and screw takes this out of grai when tbe pwnp in chained. 



Tho steam cylinder is steam jacketed, and the whole of the motion work, bearings, crank. 
shaft, &0., are made very massive ; proper provision is made for tho lubrication of the working 
porta, tb^ being essential features for hi^ speed engines of this kind which develop usually 
about six times their nominal horse-ponor. It will be observed that the pump is geuroJ up to 
the engine by mortice gearing in the ratio of about 3 to 1, thns enabling a small diamel^ of 
pump iliso to be used with a moderate piston speed. Direct experiment baa proved that a higher 
duty can be obtained with a small disc running at a given speed of periphery, than witli a 
larger disc the periphery of which runs at equal speed ; this may poesioly De aocounted for by 
the smaller amount of skin surface presented to the action of the water by the small pump 
and disc. 

The arrangement of driving by wheel and pinion has been adopted, becaura with a 
moderate piston speed the machinery njll mn for a very long time with only ordinary attention, 
whereas if the engines drive dicect on the pumping spindle, whether fnr the purpose of drainage, 
irrigation, or circulating pumps for the marine engines, they should be nndor the charge of 
a highly skilled and careful engineer who will at once attend to the repairs which are 
incident to eiljeme speeds of working. This entails a large amount of extra duty &om the 
Chief Engineers, and they often say that the machinery for ihe surface condensers require far 
more attention than the large engintrs to be maintained in satisfactory working ordei. For 
prices see the preceding page. 
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FORTABtE MACKHZBT FOB 

OBICFATIOIT (Fig. 278). — Thia 
plHRt of uuu^hinery in Bdminlily 
ailapted for draiiia);e or irrii^lion ; 
it conaiats of a triLVtiou engine and 
a centrifugal pump on a auitable 
tmck. T& traction euguie eeivee 
a double poipoee of moving the 



c«iltrifagal pump from place I 
place, and drinng it wlwn fixe 
rearty for work. Prioes and otliei 



(laiticnlars relative to traction 
eaginoB, will be foaad tm pusei 
26 to 28, Section 1. Tbe ei^ine 
is entirely under tbe control of oue 
man, and can be eaailj detached 
from tLo truck carrying the centri- 
fugal pump, and liaed for moving 
or driving other macbinery. The 
centrifagal pump is fixed on the 
end of a large track mounted on 
ordinary toad wheels, tbe BOialler 
or front pair of wheels being pro- 
vided wiu locfcinit; gear, to enable 
tbe truck to paaa round small 
cDrres; BufScicnt room is allowed 
on the truck to admit of pipea, foot 
valves, tuols, &a, being placed on 
it. The pump is represented in 
tbe engraving as employed in 
pumping from a tiver and deliverr 
ing tlie water into an open wooden 
trough for purpoarB of irrigation. 
Tbe suction pipe is provided with 
a ball Mid socket joint, which 
admits of tlio pipe being placed at 
any required angle; tlie lower end 
of the suction pipe baa a foot valve 
and windbore or strainer. Tbveo 
lengths of pipe for lengthening tbe 
suction or delivery and a spare 
windbore are sliown on tbe truck. 
The pump ia driven by a leather 
or india-rubber belt fcom the fly- 
wheel of tiie traction engine. The 
value of thia plant of machinery, 
consisting of an eight horse-power 
traction engine; 10 in. centrifugal 

Kmp with 1 foot v^e and wind- 
re ; 30 feet of wrought-iron pipes 
with cast-iron flanges; bolts, nuts, 
and washers for joints; truck for 
pumpand 50 feetof suitable leather 
belting, is £765. 

To estimate the engine power 
necossary to perform the - work, 
divide the numbtr of gallons per 
hour by 99,000, and multiply the 
. result by the height in feet the 
water has to be luted (the boiler 
pressure being assumed at 60 lbs. 
per square inch). Tbe nominal 
engine power being thus ascer- 
tained, ue cost of the engine and 
boiler will be found in Section J. 
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POBTABLE BKam AHD CEHTBITtraAL PimP. The pump ia fixed on i 

itrenm, and ia driven bj ft portftHe engine. This and Bimllar arraiigemenla a 

■ * . .■ . - -,v be mentioned irriitfttioii, drainagb, »i_ ., ... .„. 

L DgrioulturBl 

'""rhe enrine is of the type fully described on paccea 28 and 29, Seotkm 1, nnd \n available for 
many putpoaes when not required for pumping. The pump is BO arranged ILat by the wmoval 
of a rover, withont diBtnrWntr the motion and delivery pipes, the disc can be eianitned, and 
cleared of any weed or other obstructionB which may hava choked it. 



Fig. 279. 

The illtistcatioii, Fig. 279, is fion a photograph of pumping msobinery extensively used 
fur irrigation in Egyptaud other counlrits. The boilers have fireboxes considerably larger ttian 
the oruiniuy portable en^^ines, >ind where oosl is eipennive, as in Egypt, ond theru is an 
abundant supply of cotton sialka, maiite, &c., great tconumy is obtained by feeding this 
vegetable matter into the firebox by the patent Btnw-burning apparatus, driven by a strap 
boro the crank shuft aa t^bown In ILe engnmng. The travelling wheels atti made eutircly 
of iron, and cannot be offeoied by eicetsive beat or tlie attuek of ioseeta. The pump shown 
in the engiaving lias double sactioD pipea, but the risk of leakage of air arising from bad 
joints and some in skin frioliun in llie pipes, renders this oonstmotion less desirable than 
that referred to onder Fig. 280. The pipes are frequently made entirely of wroui^ht iron, with a 
V ew of savioK weight, and avoiding tie inconvenience caused if a pipe is broken. The disc 
Is accessible for exumiiialion without distorbing any of the joints. 

The vertical poitabkiuginea shewn oupa^esSO to 32, Suction l,cHn be employed for driving 
a oantrifugnl pnmp in a similar manner to that indicated in the engraviog, and will nut only 
be cheaper, but in bitmitiona where foul leed water must be used, they uie strongly recommended. 
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Horse power of pbriabli 

Number of gallons delivered per minute 

Price of portable engine ., 
„ centrifugal pump 
„ suitable pipeE per foot . . 
„ 50 feet driving belt 



6 ■ 


8 


10 


12- 15 18 


21 


3 


6 


8 { 12 18 


600 


900i 


1600 


2000 : S500 SOliO 


£105 


£125 


£180 


£210 £2KU £410 


£26 


£34 


£4« 


£50 £90 ■ £115 


5/- 


8/- 


12/- 


18/- ! 25/- 311/- 


£3 


£G 


£8 


£11 £15 £18 



racking and delivery about 4 por cent. 
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Diameter of pomp pipra 
Horse povter of porlftble engine 
Nombcr of gsUouB tkliveied pa 
rrioe of portable ecgiue . . 
„ centrifogal pojop 
„ suitable pipea per fuot 
50 feet drifing belt 




rachiDg will delinT? sboat 4 per oeat. 



Fig. 280. 

OIBTSIFirGAL FUIIFS are «o well known and have been to Ihoronghl; teaieii that but 
little descriptioil vill be neceiwar; either as regardii the coni<trnction or the nameroua conditiona 
nnder which this clasB of pnmping machinery may be profitably employed ; indeed, scarcely a 
large public worh haa been rarried out for iDaoy years past without tlie aid of centrifugal putnpa 
of (he type illastratcd. Fig, 2S0. 

Unqueationabli) the useful effect obtained relatively with the power employed is far leas with 
high lilts than with low lifts; and although centrifugal pomps baTe been used for forcing water 
a height of more than 100 feet, this ia fsr in exoeaa of what such pumpa ought to he used for, 
□tilesa there are some special conditions which cannot be oanveniently fulfilled by a reciprocating 
pnnop. 

The centrifugal pump is invaluable for raising liquids containing a targe mixture of fotei^ 
matter, such as are found in tanneries, pnpcr, dyeing, blcucliing, and chemical works, and lu 
many other industrial operations. 
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If the pump is fixed several feet above water level it is often desirable to have a foot or 
retaining valve on the bottom of the suction pipe ; this is useful where the pump is worked 
intermittently, and has to be ** primed " before starting. It is also desirable that there should 
be access to the disc for the purpose of clearing away any foreign matter, weeds, &o., which 
have accumulated about the disc ; this is provided for by the doors at one side of the pump 
case, which can be taken off, and the disc cleared of obstructions without disturbing the suction 
or delivery pipe. 

This class of pump is, as is well known, laigely used in connection with surface condensers, 
generally driven by a separate engine as described at pages 36 to 38, both for land and marine 
engines. 

Beference is made at pages 44 to 46 to the advantages obtained in the use of centrifugal 
pumps in connection with floating docks. 

The number of gallons delivered per minute, and the height to which water can be ruised, 
depends upon the speed at which the pumps are run. The quantity given in the subjoined 
list is by no means the maximum. 



Pbices op Centrifugal Pumps, Fig. 280. 



Diameter of suction and^ 

delivery pipes, inches/ 
Number of gallons per) 

minute . . . . / 
Price of pump complete 

„ foot valve andj 

grating . . . . j 
Price of 3 ft. length of j 

cast flanged pipe . . j 
Price of 6 ft. length of ^ 

cast flanged pipe . . / 
Price of 9 ft. length of i 

cast flanged pipe . . / 
Price of flanged pipe,\ 

bend 90° .. ../ 

Price of set of bolts a.Jid\ 

nuts for joints . . / 

Price of india-rubberl 

joint rings, each . . / 



3 

75 
£12 10 
£1 12 6 

£0 7 6 

£0 11 

£0 16 

£0 5 10 

£0 10 

£0 8 



200 
£16 
£2 5 

£0 9 

£0 16 

£15 

£0 7 7 

£0 13 

£0 13 



6 
500 



8 
800 



£25 £34* 
£4 £5 10 



£0 16 6 
£17 6 



£1 -7 6 
£2 7 6 



£2 £3 8 

! 

£0 15 I £1 10 9 

£0 16 £0 2 

£0 13 £0 19 



10 


12 


1500 


18C0 


£40 


£50 


£6 10 


£8 10 


£2 


£2 17 6 


£3 8 


£5 


£4 10 


£6 10 


£1 19 6 


£2 13 6 



£0 4 6 £0 5 3 
£0 3 £0 4 



Diameter of suction and) 
delivery pipes, inches . . J 


15 


18 


21 


24 


30 


Number of gallons per min. 


3000 


4500 


5500 


6750 


8000 


Price of pump complete 
„ foot valve and grat-1 

ing / 


£78 


£100 


£140 


£200 


£270 


£12 


£16 


£18 


£25 


£35 












Price of 3 ft. length of CAstl 
flanged pipe . . . . j 


£3 17 6 


£4 14 


£5 


£5 10 


£6 15 


Price of 6 ft. length of cast| 
flanged pipe .. ../ 


£6 2 


£7 11 6 


£9 


£10 10 


£13 10 


Price of 9 ft length of cast j 
flanged pipe .. ../ 


£9 3 


£11 3 


£13 10 


£15 15 


£20 5 


Price of flanged pipe, bend 90° 


£3 15 6 


£5 10 


15/- 


per 


owt. 


„ set of bolts and nuts i 
for joints .. .. ../ 


£0 7 6 


£0 8 6 


£0 10 


£0 12 6 


£0 15 


Price of india-rubber joint| 
rings, each .. ../ 


£0 5 6 


£0 9 


• • 


• • 


• • 



Pumps with pipes above 12 inches diameter should have an extra standard andbearing, to give 
additional support to the pump spindle. Some of the larger sizes may with advantage be 
driven by two belts, one on each side of the pump, and, where practicable, the three largest 
sizes should be either driven direct from the en«i;ine or by gearing. 
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POBTABLE CEHTRIFirGAL PVHP, Fig, 881. Tbia ureagement is tuefal for works of 
drainage or irrigation, when it is neceaaaiy to move the pumps frcm place to place. Tbe 
pampB can be drami by boraes 01 bollocliB, and when placed in position for work can be driven 
by a portable or tioctioD engine, or where such power ia not aTailable specially deaigned 
hoise or bnliock gear can be used. The constntotiou of the pnmpa is auoh that tlie pipes can 
be so placed as to deliver the weter at almost any angle. If desired, the suction pipes can be 
fitted with ball and gland, enablintc the pipe to he laid at any convenient angle; this, of (norae, 
entails a alight increase in coaL The prices in the list do not include shafts or draw polta. 



Fig. 281. 

The cost of these is about £3 per pamp. The anna and rims of the travolliag wheela are of 
wrought iroD ; tbe central boss only is made of cast-iron and ia carefully bored; These bossee 
run an the pump apindle and are of extra length, and the diameter of the pomp spindle is also 
increaaed bo that ample wearing suifacee are provided ; the conatruotion throughout is strong 
and compact. 

For flied pumps cast-iron flanged pipes are cheap and easily pitnured, but for portable 
pumpB wroQght-iron pipes (priooa for which are given iu the aubjoiued list) are strongly recom- 
roended, as they are ranch Ughter and stronger. Tbe bends being email are made of cast-iron. 

Tho quantity of water delivered per mioute and the height to which it can be raised 
depends upon the apoed at which the pumps are driven. Tbe quantity given in the subjoiued 
list ia by no meana the maxim um, it may be doubled if desired ; but this result will be obtained 
at some aaorifice in tbe useful effect of the engine power employed. 



Prices of PobtabivB Centbifuoai.' Puhps, Fig, 281, 



Diameter of suction and delivery pipes, ins 

Number of gallons per minulfi 

Price of pump complete, as ahovrn .. 

Price of foot valve and grating 

Price of 3 ft. length of wrought-iron pipe . 

'.! 9 " 
Price of Ught oaat-iron pipe bends 
Frii'O of set of bolts and nuts for joint 


00 


600 




00 
2 



Packing for shipment varies aliglitly, but will seldom exceed 1 per cent. 
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Din. of pamp-pipeBin ini-heB 

Number of gHlloiia per hour 
Price completo for 1 feet . ■ 
Price fur each S feet eitru . . 



I lOOO laOO I 20U0 

£42 10l£5* 10£6S 10£8.i H 

OiilO lOiia lft£l3 10 



3000 ' 5000 I SOOO 12.000 
£121 10 £182 0£285 £4-.'o 
£15 10 £18 10 £21 lO' £25 
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Fig. 283. 



PXrXPINO IIACHIHSBT TOB A VLOAHNO DOCK, 

Fig. 283, shows the general lurrangement of a floating 
dock, the machinery for which was supplied by the Authoi^s 
firm, and Figs. 284 and 285 are the engines and pumps 
8(iecially designed nnd made for this dock. The dock is 
200 ft. long and 58 ft. wide, and is built entirely of timber ; 
it is divided into nine water-tight compartments, and the 
dock is manipulated by letting water into or pumping it 
out of these compartments. It was at first proposed to use 
three sets of pumps and engines, and arrange pipes and 
valves in such a manner that each pump should be able 
to work three compartments of the dock ; but by having a 
separate engine and pump for each compartment it was 
evident that a better command of the dock could be 
obtained, and this arrangement was adopted. The pumps 
are disposed in groups of three, and the arrangement of 
pipes and vulves is such, that each pump can be made to 
work either of the three compartments belonging to its 
^roup. Thus, if one pump is choked or an engine breckks 
down, the operation of raising or lowerins: a ship only 
occupies a rsititer longer period than if all the pumps are in 
working order; when it is desired to examine or repair a 
ship, water is allowed to flow into the compartments of the 
dock by means of the inlet valves specially provided for this 
))urposc. Each group of pumps has two screw-down valves, 
lo in. diameter, with spherical faces; the rods actuating 
these valves pass up through the dock side to the platform, 
and all the operations are controlled from one side of the 
dock. The arrangement of sluice-valves is such that water 
can be admitted to any or all of tlie compartments as 
desirable. The dock having been sunk to a sufficient depth 
to .pnss under the keel of the vessel, the inlet valves are 
closed, the vessel drawn over the dock and securely shore I 
up on Ixtth sides. Ihe pumpj ai-e then set to work, and the 
compartments emptied until the vessel is completely lifted 
nut of the water. Much c^xre and judgment has to be 
exercised in these apparently simple operations. The pumps 
employed are of the centrifugal type, having 8-in. delivery 
and Kuction pipes. The discs or fans are made of gun 
metal, and are placed horizontally, so that the spindles are 
vertical an) pass directly up the side of the dock to the 
engines ou the platform. These spindles are gun metal, 3 in. 
in diameter, and are coupled to the engine shafts by gun- 
metal muff-couplings. The weight of the discs and spindles 
is carried by a thrust-bearing arranged in a bridge-piece 
above «he pump ; the wearing surfaces of this thrust-bearing 
are gun metal and hard wood (lignum vitas), these substances 
having been found to wear well when working under water, 
and to require no lubrication beyond the water itself. The 
suction pipes of the pumps are each provided with an 8-in. 
shiice-vfllve, and the ends are bell mouthed and turned 
down into a small gun-metal sumph, 15 in. square, let into 
the bottom of the dock, so that if it be required to examine 
the dock itself the pumps will drain it perfectly. The 
delivery pipes, in addition to having a sluice valve, are 
provided with a self-acting retaining valve on the outside of 
tiie dock at the point where the water is delivered. In 
addition to the 8-in. sluice valve just mentioned, there are 
four 10-in. sluice valves to each group of three pumps, by 
means of these the admission and withdrawal of the water 
t » or from the various compartments is regulated. There 
are, therefore, thirty sluice valves and six inlet valves in the 
dock ; the spindles of all these valves are carried up through 
the dock to the platform above. Float-rods arc provided 
by which the height of the water in the various compHrtments 
can be ascertained. The engines are specially designed 
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to emit tbe podtion 
tbev oocnpy and the 
hiRh q>eed (about 
350 revulutioQB per 
minute) thej hare to 
run. The cylinder, 
vnlve-box. bage-plale, 
liieB, Bud crank 

one carting. The 
piston and rod are 
steel, the former ia 
teniBlied with rinos 
and ipringe. The 
eroBB-bead and guide- 
blook are in one phos- 
phor-bionze caatiug, 
end all the beaiiug 
mrfaces are very large 
in order to wittiatand 
the near doe to Ihc 
(king. The oonnecting- 
OD, ntted with iKUuBtaHo 
-.-^ateacbend. Theallde 
ron and its iniindle ateel, with 
ts nod glaii Ja, Ac The slide 
a ia cait iron cant to tbe fly- 
wheel, the latter hag a circular nm so that 
tbe atttndmit can eaaif pull the crank 
round a quarter of a turn if the eo^e 
should stop on Ihe dead oenlie. The 
eccentric elraps are gun metal and the rod 
wrought iron. The orank-ehatt ia mode of 
oast atecl, 2J in. in diameter, and bus a 
slotted crank; it runs in two adiustable 
gun-metal bearings of ample length. The 
cost of such a plant of maohinerT. with a 
30 horae-power semi-portabla boiler, and 
steam andeiliauat pipes for all the engines, 
is £2,230. One or two cran^ on the sido 
of tho dock arc a very valuable addition. 
Pricea Bud particulars of bnnd or Steam 
cranes will be fouud in Section 2. 

ISOV FLO&TnrG BOCEB.— Allhnngh 

timber was admirably adapted for Oie 
conditions to be fulfilled by the doc^ last 
_ deacribed, sa is well known, a largo nnmb^ 

of floating docks have been constraoted 
entirely of iron, and in many situations 
the greater strength and durabib^ ob- 
tained will mora than compensate for the 
larger outlay of capital required for iron 

The Spanish Government have an iron 

floating dock at Carthagenii, and another 

at Ferrol, aimilar In aliape to that illns- 

tmled by Fie. K83, butof much larger pro- 

portinoa. The lensth of the dock at 

Fig. J85. Cartliagpna is 320 feet, and Ihe breadth 

105 feet; the total weight including Ih'. 

niachinery is about 4,500 tons It is capable of lifting a vojspI of 6.5(H) tona, nnd has been used 

for raising and docking the Bpaniah ironclad " Numanoia," which woigha more than 5,600 tons. 

The Uoating dock at Ferrol ia still larger, the dimensions being 350 feet long, 105 foet 

broad, and the total weight is 5,000 tana; this dock will take a vessel of 8,000 tons. 

As it sonxtimcs happens that two or three ships require slight repairs at the same lime, it 
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would be inoonTenieiit if one ship occupied the whole of the dock daring the time required for 
the repairs ; this difficulty is met by making a shallow basin with a number of " slips ** or 
inoUned planes around it. The dock having raised the ship in deep water is towed into the 
shallow basin, fixed opposite to an unoccupied slip, and the ship is hauled up by the chains 
attached to cradles on which the ship is secured. 

CLABK^ HYDBAITLIG LIFT OBAYIHO DOCK. Excellent examples of these may be 
seen at the Victoria Docks, London, where they have been in successful operation for several 
yearis ; also at Malta, and many other places. 

SCOOP WHEELS. The Upwell, Outwell, Denver, and Welney district, which form a 
portion of the ^ Fen country '* in Norfolk, has for many years past been drained by scoop 
wheels driven by windmills ; but as, has already been observed, the results obtained from this 
kind of motor are not sufficiently reliable, and the Commissioners eventually decided to have a 
new pumping station and scoop wheel driven b? steam power. The conditions to be fulfilled 
were stated in a specification issued by the Commissioners, and the design prepared by the 
Autlior's firm, and illustrated by Fig. 286, was accepted, and has been successfully carried out 

Direct experiment has shown that some of the scoop wheels now at work do not realize a 
useful effect of more than 25 percent, of the power expended, but several important improve- 
ments have been introduced in the machinery at Upwell. The wheel is capable of delivering 
3,500 cubic feet of water a minute to a height of 4 ft, or a proportionately smaller quantity to 
a gpreater height ; it is constructed as far as possible of wrought iron, and is 24 ft. in diameter, 
by 4 ft. wid& The blades are curved in sucii a manner as to leave the water easily ; in many 
wheels merely straight boards are used, which lift the water considerably higher than is 
necessary ; the curved blades are 10 ft long, and are shrouded by wrought-iron plates on both 
sides, the shroudings being carried into the centre. An adjustable curved sluice or (as they 
are sometimes termed) shuttle is provided on the drain or inlet side of the wheel ; by this means 
the volume of water admitted to the wheel is regulated, and- is also directed oh the blades in 
such a manner as to prevent any shock from impact. The walls of the culvert in which the 
scoop wheel works are curved in to the width of the wheel on both the inlet and outlet side, so 
that the water runs into and out of the wheel at as nearly as possible the average speed of the 
blades ; this reduces friction and conduces to steadiness in working. The sill over which the 
water is delivered is gently curved to prevent any unnecessary loss of power. The wheel is hung 
true, and keyed on to a turned wrought-iron shaft, about 9 in. diameter, and this runs in 
massive pedestals fitted with adjustable gun-metal bearings. To one side of the scoop wheel is 
bolted a geared wheel made in segments, about 20 ft. diameter, and into this works a pinion on 
the engine crank-shaft. The engines are of the horizontal high pressure compound condensing 
type. The high pressure cylinder is 10 in. diameter and 20 in. stroke ; it is ^tted with a Meyer's 
expansion gear which is capable of adjustment whilst the engine is running, and by means of 
which the weight of steam consumed can be adjusted exactlv to the weight of water and the 
height through which it has to be raised. The pipe leading the exhaust steam from the high 
pressure to the low pressure cylinder is made of a very large diameter to act as an intermediate 
receiver. The low pressure cylinder is arranged and proportioned in such a manner that high 
pressure steam direct from the boiler can be admitted to it if necessary. The air-pump is in the 
oefutre of the condenser chamber, and is placed directly behind the low pressure cylinder on the 
same bed-plate, the steam and air-pump pistons being coupled to the same rod. The connecting- 
rods are made of best hammered scrap iron, with adjustable gun-metid bearings at both ends, 
aad are 50 in. (2| times the stroke) from centre to centre. There is a feed pump driven from 
the crosa^head of the high pressure engine, but in addition to this a donkey pump is provided 
tear feeding the boilers. The steam pipes and cylinders are all felted and lagged, the higli 
pHQssure cylinder steam jacketed, and every precaution is taken to prevent waste of fuel. 
Ttfed earaiik shaft is of wrought-hammered scrap iron, and carries a heavy fly-wheel. The steam 
for the engines is generated in two Cornish boilers, the internal flues being fitted up with 
|!pEilk)way tubes ; the chimney is in brickwork about 60 ft. high. The boiler mountiuL'S are of 
the kind used in the best class of work, and include double safety-valves, pressure water-gauges, 
fusible plu^s, &c., and were tested to a pressure of 160 Ibd. per square inch, the working 
pressure being 80. This plant of machinery is compact, the engine and boiler houses are side 
by side, the middle wall being common to both ; whilst tlie scoop wheel, although outside the 
engine-house, is protected by a neat wooden casing. A coal store is built close to the station, 
capable of holding about 60 tons of coals. The quantity of water and the height to which it 
has to be lifted varies so much that special designs and estimates are required for each 
individual district. The cost of the whole of this machinery is £1,700, and the weight is 
45 tons. The coat of the buildings, including chimney, coal store, casing to scoop wheel, and al I 
foundations, was £700, but this item will vary materially according to the locality, nature of 
foundation required, &c. 
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PUMPING MACHINERY.— Sectio 



Fig. 286.' 

It u somewhat renatkable that altbottgh a laige proportion of tLeFenconntryinEnglitiid, 
and immense distriots in Holland, depend apon ecooji wbaels for their very existence, but little 
Bcientifio research has been devoted to improvements in the construotion of the wheels and the 
\>orkB eonneoted with them. This may probably, in a K"^^ measure, be due to the fact that 
hitherto windmills have for the most part boon the motors employed, and that wasle of power 
has not been so prominently noticeable as it muat bo when a heavy coal bill has to be paid. 
Now, bonever, the nse of steam power is greatly inoreaBing, and it becomes neueesaiy to obtain 
the highest usefal effect from the power employed. 

The blades of most wheels bare hitherto been straight, pointing towarda the centre^ or 
taneental to a small circle. In some wheels of more modem design curved blades have been 
naed, but sofBcieut care is rarely tahen to prevent the shook caused by the too suddon impact of 
the water on the intake, or what may be called the " suction " aide, nor haa safEoient allowance 
been made for a firee flow on the opposite or delivery eide. The wheel races are often formed 
with sho)iIdeiB,oritre inddenlycontiaoted; it is scarcely necessary to point out that these errors 
in oonslmotion are in (lirect Tiolation of the laws which govern 'the flow of liquids. In some 
CTSCB large clearance spaces, varying from 1 inch to 3 incbea, are allowed on each side of the 
wheel, and many examples may be seen where the clearance is bo great that absolutely no water 
!a delivered until the wheel attains a considerable speed. This is specially observable when 
the wheel is driven by a windmill rnnoing with a light or fitful breeze. 

In other OHSes no provision Is made for shnttiug off or directing the flow of water on the 
dmin or intake side ; tlie absence of this regolatiug power throws the whole work on the wheel 
before it has attained Buffideut momentom, and there is the further disadvantage that it is 
impossible to adjust the How of water on the intake side to the height to which it should be 
delivered, in order to equalise the work and obtain the maximum doty firom the power employed. 
This is a very serious disadvantage when the water raised i» discharged into a tidal river, ss it 
often involves the cesiatioii of work dnring a portion of each tide. 

From the foregoing remarkB it will be seen that although the sooop wheel will probably 
never give very high results in economy of power, it requires less attention than almost any 
other kind of machinery usually employed for raising water, end may be relied on to deal with 
the sudden increase due to floods, even after it has been standing for a long period ; these are 
important advantages, and may sometimes ontweigh tha disadraotages in economy of power to 
wluoh reference has been made. 
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In aildition to the arrangements of machinery already described as having been successf ally 
employed for the reclamation and drainage of low lands, mention should be made of the very 
ingenious apparatus designed by the late Bir W. Fairbaim for raising water on low lifts. 
This apparatus consisted of a wrought-iron trough, about 25 feet long by 80 feet wide, with 
sides and one end clo:>ed ; the open end was fitted with a pair of Ijrunnions, having their 
bearing on the embankment wall of the canal into which the water had to be discharged, the 
low-water canal being parallel to the high level, directly below the trough. At the closed end 
there were valves of large area opening upwards in tUe bottom of the trough, and this end 
was fitted with trunnions, to whi<^ were attached a pair of connecting-rods from the beam of 
an ordinary single-acting Cornish engine. 

The reciprocations of the beam of the steam-engine were communicated by the connecting- 
rods to the closed end of the trough or scoop, causing it to dip this end into the low-level 
drain, the valves above referred to at the same time allowing the water to rush into it until 
the water level in the trough became the same as that outside. At the upward stroke of the 
engine beam the valves closed, this end of the trough was raised^ and the water was dis- 
chari^ed over the embankment. 

A trough of these dimensions was capable of lifting 17 tons of water per stroke with an 
engine power of 60 horse, and the duty in water lifted was equal to about 3 lbs. of coal per 
horse power 

It will, perhaps, be useful here to record some data as to the engine power required for a 
given area of land. 

Ldttleport Fen, near Ely, containing 28,000 acres, was drained by engines of 30 and 40 
horse-power, and these two engines did the same work and with more certainty tlian it was 
previously done by upwards of 70 windmills ; the cost of maintaining such a number uf mills 
in working order far exceeded the outlay for fuel for the engines. 

Deeping Fen, Lincolnshire, has an urea of 25,000 acres, and is drained by two engines of 
60 and 80 horse-power. 

Middle Fen, Cambridgeshire, having an area of 7,000 acres, is drained by an engine of 
60 horse-power; and many other examples could be given showing about the same average 
rctiulls. 

The rainfall over these districts has been ascertained to average about 26 inches per 
year. Allowing for evaporation and absorption, about 18 cubic feet of water per superficial 
yard of ground is the quantity required to be lifted per annum ; and sssumiiig that the lift 
does not exceed 10 feet (this figure being in excess of that usual in .this country), the 
best authorities on this subject agree that for moderate areas to be drained, 10 horsuTpower 
should be provided for each 1,000 acres, and an engine of this power working twelve hours per* 
day will do the work in about 140 working days per annum. 

Most of -the high-level canals are l^low high water at the points at which they dis* 
charge into the sea, and they are protected by self-acting sluices, whereby the water is 
discharged at the ebb tide, and as the tide flows the sluice gates close, tlius preventing the 
sea from backing up the water in the canals or drains. A quantity of land in close 
proximity to the ^uice may thus bo drained by gravitation, and some of these works are of a 
most extensive character, notably that carried out by the late Mr. Bennie, in 1821, for the 
drainage of the Ouse and Nene, whereby 300,000 acres were completely drained, and the low 
water lines of the rivers reduced several feet Also, that carried out by Messrs. Telford and 
Renuie, in 1829, at the outfall of the Nene, commencing near Wisbeach and terminating at the 
Wash. This improvement had the effect of lowering the water mark in the river 10 to 11 feet, 
and bringing 100,000 acres of land into cultivation that were formerly a stagnant marsh. 

In some cases syphons have been introduced for the purpose of carrying the water from 
the canals into the outfalls ; and on the occasion of the blowing up of the outfall sluices of 
the Middle Ticvel at I^yun, Sir John Hawkshaw had recourse to this system. The syphons 
performed the work during the reconstruction of the new sluice in a very satisfSeMStory manner. 
The new sluice was opened in the year 1877. 

In designing pumping stations either for drainage or irrigation it is often necessary very 
carefully to consider the nature of the strata on which the foundations have to be made, and 
an error in judgment on this important subject often leads to endless trouble and expense. 

Many instances of tliis may be seen, bat a reference to only one will suffice. This is a 
pumping station where high economy in consumption of fuel, Ac, was expected, and no 
expense was spared either ns regards machinery, foundations, or buildings. Beam-engines of 
tlie type Fig. 1 are used; these are very economical if they can be run at a proper speed, but it- 
would be almost impossible to meJce foundations in that ground to stand the strains which have 
to be carri(Kl on a small area ; the consequence is the engines cannot run at a speed consistent 
with economical working, and the repairs are exceptionally heavy. If vertical or horizontal 
compound and condensing engines had been used the strains would have been entirely different, 
ami, being distributed over a large area, the working results would be in every sense more 
satisfactory. 



PUMPING MACHINI 



1 



Fig. 2S7. Fig. 288. 

KUBBAY'B CHAIN PUUPB. Fig. 2S7 ebnva an open bni^k chain-pamp. I'heae pnmps 
OTti extremely einipte in onnstruotion, and ore well adnpti^d for contractora' aee in the foriDatiou 
of docks, tunnels, coffer clamB. or for iewage workB, drainage, irrigalioii, So. The absence of 
clacks, Talve?, or anj kind of packing ia most adyantageoua, as however higfal^ «liai|[©d the 
wuter maj be. with sand, mad, weeds, sewage, or otlier foreign m-nttet. it U imposaibla to 
(4loke the pump. If any foreign substance gets between tbe lift ami the barrel, a partial back 
tum of the chain immediately relenscs it. thu lift fuldiii); up, am) ullowing the obstruction to 
bo carried up in the atrcam. For Numbers 1 to 5, 2 ft., and in larger sizes, 3 ft. should b» 
allowed beyond the actuul height nquircit. 

2 a 
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The pninps are measured from the groimd to the bottom of the delivery trough, and it is 
essential that these dimensions should be stated. The working parts of the chains and lifts 
are steeled in both the larger and smaller sizes. These pumps are usually driven by a portable 
engine, or by a steam crane, or pile driver ; but where they are required for permanent use, 
such as at sewage works, horizontal or vertical fixed engines may be advantageously employed. 
See Section I« 

Pbioes of Mubrat's Open Back Chain. Phmfs, Fig. 287. 

Single chains (geared heads extra for pumps under 40 feel high). 



Size number 

Size of pump in inches 
Number of gallons pumped per minute 
Nominal horse-power for 10 ft. lift 
Price of pump complete, 10 ft high 
Price extra for each additional ft. .. 






1 
8x4 
500 

IJ 
£36 

£2 8 



2 

10x5 

700 

2 

£45 

£3 



8 

12x6 

1000 

3 

£55 

£3 12 



4 

14x7 

1300 

4 
£64 
£4 4 



5 

16x8 

1600 

5 

£72 

£4 16 



Double chains, tuith geared heads. 



Size number .. 

Size of pump in inches 

Number of gallons pumped per minute 

Nominal horse-power for 10 ft. lift 

Price of pump complete, 10 ft. high 

Price extra for each additional ft. .. 



6 

24x8 

2000 

6 
£96 
£5 8 



• 7 
27x9 
2500 

7J 
£108 
£6 



8 

30x10 

3000 

9 

£120 

£6 10 



9 
33x11 

3500 
10| 
£132 
£6 18 



10 

36x12 

4000 

12 

£144 

£7 4 



Packing for shipment, 3 per cent 

XUBSATS COMPOSITE CHAIK PUMP, Fig. 288, having back barrel, is perfectly dry to 
work under. The working barrel is made np of castings in 5 ft. length, bolted together with 
flanged joints ; the back barrel is of wrought iron, and is one-fifth larger than the oast-iron 
uptake or working barrel, consequently there is no danger of the lifts fouling as they descend. 
Any length of the back barrel can be taken off and replaced in a few minutes, and a ladder is 
fitted, if desired, as shown in the engraving. The construction of the working parts is 
similar to that shown on the preceding page, and solid matter in the water may be lifted 
without choking the pumps. In ordering these pumps it is necessary to give the height to 
which it is desired to lift the water, and to allow 2 ft extra in the smaller sizes up to No. 5, 
and 3 ft. extra in larger sizes. 

The cast-iron working barrels 'can be packed inside the wrought-iron back barrels, which 
saves measurement for freight, and reduces the risk of the flanges of the working barrel 
being broken in transit. 



Prices of Mubbay's Closed Baok Chain Pumps, Fig. 288. 
Single chains {geared heads extra for pumps under 40 feet high). 



■ 



Size number 

Size of pump in inches 

Number of gallons pumped per minute 

Nominal horse-power for 10 feet lift .. 

Price of pump complete 10 feet high . . 

Price extra for each additional foot . . 




2 


3 


10x5 


12 X 6 


700 


1000 


2 


3 


£53 


£65 


£3 7 6 


£4 5 



4 5 

14 X 7 16 X 8 

1300 1600 

4 5 

£78 £90 

£4 16 6 £5 10 



Double chains wiffi geared heads. 



Size number 

Size of pump in inches 

Number of gallons pumped per minute 

Nominal horse-power for 10 feet lift .. 

Price of pump complete 10 feet high . . 

Price extra for each additional foot .. 



6 


7 


8 


9 


10 


24 X 8 


27x9 


30 X 10 


33 X 11 


36 X 12 


2000 


2500 


3000 


3500 


4000 


6 


n 


9 


lOJ 


12 


£135 


£150 


£168 


£180 


£197 


£7 12 


£8 5 


£9 13 


£10 10 


£11 11 



Packing for shipment about 3 per cent. 



PUMPING MACHINERY.— SBCTION 3. 



BASTIEB'a OKAUT FCKF, Fig. 289, i» adspted for druiuge, irrigation, pumping Bewoge, 
8tc., and ia «o aimple that very little explauatioii ia required beTond what la fumulied b^ the 
illuetlBitinn. It is anitable for deep wtic&l lifts, ia inexpensive, and tlie ooet of maintalniiig it 
is ver; Bmall. A ooatracted pott or wotting barrel ia inaerted at intGrvalai Ihia is rather 
smaller fa diameter than the main-pipe, and one of theae working barrela Ih always plaoed at 
the lower end. An endleas chain works over the driving-wheel at the tap, going down 
freal; and coming np through the tube, into wliich it is guided by a holl-ahaped month- 
piece ; the iodia-rubber discs or buckets filed on tie chain are smaller in diameter than the 
main-pipe, but fitting tightlj in the working barrels, so that all the water enMrins is foroed 
Dp through the rising main-pipe. The diac being clear all round from the pipe for nine-tenths 
of the whole distance, the friction is reduced to a minimum, and the power required ia 
oODseqaently smaller Qian is reqnired for working ordinary chain-pumpa. 

The pricea and particulars of either horizontal or vertical boilera and enginea anitable for 
driving these pnmps will be found in Bectlon I. The cost of a pump i-omplete for any depth 
may be ascertained by adding tjie cost of the pipes, cJiBius, im., the prices for which 
are given at per yard, to the price <^ the pump gear. Thus, the cost of an S-luoh pnmp> 
for 40 yards deep ia 10 x £4 = £160 + £19 = £203. 



pRKsg or Disc Chaih Pmrs, Fig. 289. 








31 


3i 


4 


9 


6 


Maximum nnmber of gallons per minute .. 


25 


80 


120 


200 


300 


Priceof pump gear for 10 yards lift 


£•< 10 


£17 


£22 


£21 


£33 


„ pipes, chains, and diaos, per yard lin 


£1 S 


£1 12 


£1 18 


£2 II 


£3 4 


„ pump gear for 50 yards lift 


£12 


£22 


£26 


£27 


£86 


„ pipes, chains, and discs, per yard lift 


£] 6 


£1 11 


£2 


£2 13 


£8 6 


„ pump gear for 100 yards lift 






cm 


£30 


£40 


„ pipes, obaina, and discs, per yard lift 






£2 2 


£2 15 


£3 8 


„ pump gear for 150 yards lift 








£35 


£45 


„ pipes, uhains, and disca, per yard lift 








£2 15 


£»I0 








DUmeter of pimp la inches 


8 


9 


10 


11 


12 


Maiimumnumber of galloiia per minute .. 


500 


600 


800 


1000 


1200 


Prioe,of pump gear for 10 yards lift 


£40 


£50 


£60 


£70 


£80 


„ pipes, chains, and discs, per yard lift 


£3 17 


£4 12 


£5 11 


£613 


£7 18 


„ pump gear for 50 yards lift 


£45 


£57 


£70 


£80 


£90 


„ pipes, chains, and discs, per yard lift 


£1 


£1 15 


£5 14 


£6 14 


£8 2 


„ pomp gear for 100 yards lift 

„ pipes, chains, and ^sca, per yard lift 


£50 


£65 


£80 


£90 


£100 


£4 2 


£1 19 


£5 17 


£618 


£8 i 


„ pnmpgear for 150 yarda lift 

pipea, chains, and discs, per yard lift 


£60 


£72 


£30 


£100 


£120 


£4 5 


£5 4 


£6 2 


£7 1 


£8 6 


„ pump gear for 200 yards lift 


£70 £»0 


£100 


£120 


£150 


„ pipes, chains, and disos, per yard lift 


£1 7 £5 6 


£6 4 


£7 1 


£810 



Packing for ahipmeQl, about 3 per oent. 
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OEAnr FiniF DEIVSN BT STEIAF, Fig. 290. The oftst-iron fland^il rising main of tha 
pump is bolted up to a stroaj; cistern castint; a deliTery trough ; on tliis pssting are boltedu 
pair of aide-frames carrying the chain-wiieel, and driving pulleys; the wroaght-iron shaft 
on which tliese wheels are keyed runs in adjustable gun-metat beariags. The whole forms a 
very neat armngcnieni For prices, see preceding page. 



PUMPING MACHINERY^Section 3. 55 

- TKBTICAL DOttBLB-ACmirO LOT AITD FOSCB PUlfP DBITIH BT BELT OS OEAA, 
Fig, 291. Tbia clow of pamp ia espeoiall; adapted for una in faolorJM or r&ilvray ststions for 
pnispiDg hot 01 cold liquids, or it may lie uaud as a fixed fl>« engine. 

The Gonatniction and working of the 
pnmp ia olenily shown in the section. 
'J'he pump illustrated wag fitted with 
Applebj'a patent oonieal vuIvcb, but any 
oliiet tbIvb can be used, Buoh as grids 
with gunrda and indin-rubber diaoa or 
leather olackB. Covers are provided to 
enable the valves to be easily examined. 
Tlie piston is formed by plates, betweeo 
whit* are double cup leathers, and the 
piston rod is guided by a bridge hushed 
with gun metal. The pump ta fitted 
witti a wronghl-imn fork connecting-rod 
with adjuBtable gun-metal bearings at 
the ciauk pin end, of the form knowu as 
the marine pnttem. which ere generally 
preferred to tlie strap and cotter aLown 



Kg. 291 



u the ei 



[iving. 



1, but the < 



Tbe teeth of the gear driving the 
pomp are carefolly sliapod and propor- 
tioned, in order to abaotD aa little power 
as possible in friction, and make nn 
unnecessary noise. The whei-1 ia ht-yed 
oil to It wronght^iron shaft running in 
two pinmmer blocks fitted with adjust- 
sb!e gun-metal bearings, loose caps, Ac. 

The pinion is keyed on to a wrought- 
iron abaft runniiig iu long tiogaea cast on 
the main column; on the other end of 
this aliaft is keyed the strap pallej. In 
the engraving only one pulley ia ahown, 
And in some oases thia is sufflcient, but 
it is often foniid convenient to have holh 
a fast and loose pnlley, in order tliat 
the pomp may be started and stopped 
without stopping the shaft or engine 
ftom which it is driven. 

The pnmp is mounted on a massive 
CBst-iron bed-plate, carrying a hollow 
cast-iron column, which can )ie utilized 
ua an uir-vtseel if required, and the 
whole being independent of support from 
tbe top or aide can be firmly bolted down 
to the ground or fioor and driven by 
steam or any other motive power. The 
puiDpe are uaually made with cast-iiou 
tru cost of gan-metal lining ia givon in 



■ barrels of a fine qnolity of grey iro 
tne list. 

The duty in gallons per hour is calculated for 40 strokes of the pump per minute, and 
would be pn^rtionately more or less if the speed were inciensed or decreased. For hijh lifls 
(abore 90 feet) the pumpa ahoold be driven at a loner speed than 40 strokes per minute. 



Pbicu, &c.. 




Packing for ahipment about 4 par 
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TVO VERTICAL DOUSLZMHTKO lOT ASO WOBCE WMM, Fig. 292. Thcte are 
jnouDted (id one bnse-platu, carrying a hollon oolunm between the pnmpB. Tbe gHaentl 
conBtructioD ia in every reipeot idinilaT to that ehown and deecribed on the praoeding page, and 
the lemorks made with regHrd to tbat pomp applj equally to these. Doable gear is employed t« 
eqoalize tbe strain un tbe shafta. 

The Dunber of gollona in the list la ealoolated vith the pnmpa moDisg at 40 strakes per 



Fig. 292. 
PaiOES or Paibb cv VebticjUi Colcub Pdmfs, Fig. 292. 



Diameter of pumps in inches .. 


8 


i 





e 


8 


Length of strohe in inches 


12 


12 


12 


12 


14 


Number of ^Uona per hour 


2400 


5000 


6600 


11,600 




Price of pnmp with iron barrels 


£47 


£.12 




£73 , 






£o3 


£62 


£76 


£85 


£110 



Packing for shipment, 4 per o 



PCMPIKG HACBDiERT.- 



DOHBIX-Aiaiia Pnm ra MU> IB HXiM TOWKI, n^. SS. lUi Mnage- 
ent is OMnpact, and *■■ jl»»i^»H far ^ «■ a ikm'a deck : tfaa gearing ia dnpeaaod with and 
te oank shaft bM two ebam wheal* and a beaT7 tT-vbd keyed oa it; the cfaain wheda an. 



ia red t cd in haght, and tfai* permit* it to be aacd 
in Htoationa when it wimld be IwibmbIiIii to adnt a iiinMii paaqi. Tbe erank tbah ia turned 
down at both vtA, and handlcn May be UM to it aa ritiTwa bj the dcttad tinea in the 
eagrKvijig. 

These pnmpa aie exceedinglr amide in adiim, and aO the wotUng perta are eaailj 
acaeeaCbla Tbe; are oaDallj fitted with gndinn nlre aeata and indta-raUiw diao vatrta, ao 
arranged that I^ rouDring uoe boU, the lalre, goaid, and zrid ran be tahmi oat ; and if tho 
Talve be worn oat a new one (an be mbrfitaled and the wfacSs ii jilaiid in a few minntea. The 
jMstoD packiDgB are doabl e de n i e d katheta <v tndia tnhtifr qieeaallj prepared fn the parpoae, 
ao that the pODip* maj be med far aaj themieal wbidi doea not aflect then •obataneea. 



Fig. 203. 

TlKir woiUng is lately iDtermpted by great or mdden variationB in temperatoTe, and they can 
be immediat^y set to work after banng nanoined nniued fbr long periods of time eitber in hot 
or eold climatea. Being dooble-actiitg, tbat is to say, capable of lifting- and tacaog water on 
both the Dp and down stnAe. they are equal in capacity to two single-acting pnmpa of equal 
diameter. The pn^Kvtjoiis throogboiat are aucb that they are applicable to all oidilMlT 
pnrpoeee, and in an emeiseDcy tb^ can be «nployed as Sie-engiiKB or ships' pompa of the 
most powerful deaiz^ition. 

Tbe barrels are made entuely of batd grey oaat iron or bnahed with gnu metal, and tin 
ccst of both forms ia given. Aiz Teasels can be piovided at an extra ooat of &om £3 to £8. 
For pipes, Ac, suitable for nse in conjunction wiUi these pomps, tee pages 118 to 154 ; and tat 
firecocks, nniona, hoae, nozzlea, &C., aee p^ea 112 to 158. - 

The number of gallons deliTcred per tuKU given in the fbllowing list ia oolcnlatad t<3t tb* 
pump* nmning at 10 strokes per miaote. 
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PiticES or DocBLi-Aomio Vbbtioai. Frara, Gig. 293. 





. 


4 


6 


6 


R 


Length of atroke in inches 


12 


12 


12 


12 


H 


Number of gallona pet liout 


2400 


roiio 


6600 


11.600 


23,000 


Piioe with cwt-iron pumpa 


£ii 


£47 


£59 




ens 




£48 


£57 


£lS9 


£71) 


£100 



Flicking fur aliipmont, i per cent. 



HOBIZOHTAI DOUBLX-AOTHTO PmF, Fig. 294. This neat and compnct form of pump 
oeoupiea ratlier more ground area but much less height tlian a colninn pump of equal capacity. 
The barrel, although placiid linrizontAll; iustend of vertically, is very similar in proportions anil 
general con structioD tn that of the column pomp, Fig. 292. Feet are cast on the pump for bolting 
to tha bed-plate, and the arrangement of the valves is modified to suit the altered position of 
the barrel. The valves may be of any of the kindx referred to in the procodiDj; pngea uccordin^ to 
the purpoae for which the pump is required. AnairvoHael ia bolted on the top of the banel, nhich 
tenifc to relieve the pump fromBlioekBandtoequQlizetheBpeedof the water in tha dellFery pipe; 
it also servee as the valve box cover, and can be eagil; leiaoved if the valves ha.ve to be 
examined. The pistoiu are pocked with double-cupped leather or specially prepared india- 
rubber packing, and the piaton rod is guided by double cast-iron blocks working between 
planed guide bus bolted down to the bed-plate. The connectitig-rods are iirought iiou fitted 
with aiuuBtable gun-metat bearings at both ends. The crank-ahaft is wrought bent so as to 
retain the whole strength of the bar (the grain being continuous) end runs in two ploDuner 
blooks fitted witli adj"^^''!^ gun-metal bearinga, loose cnpa, bolta, nuts, &e. The teeth of Uie 
irheel aud pinion eore carefully eheped and proportioned, ia order to absorb aa little power m 
poasible in ulotion and to. make no unnecessary noise. Tlie pinion shaft tscarried in bosaea oust 
on the bed-plate, and on this shaft sre the fast and looee strap pulleys. The whole may be 
mounted ou maaonry or brickwork so as to raise the pulleys cleat uf the ground, or a small pit 
may be dng in the ground to clear the driving straps. 

The uutuber of gallons delivoied per hour given in the list is calcnialed for 10 strokes per 
minnle of the pumps. 



PUMPING MACHINERY.— Sbction 3. 
Priois op Horizontal Dovble-Actino Pdbfs, Fig. 2dl. 



Pimnetei of pamp in inclieg 


3 


4 


5 




S 


Leiigtb of stiuke in inches 


12 


12 


12 








I'JOO 


a-ioo 


SHOO 


6800 






£35 


£40 


£45 






„ braBB-liued pnmp 


£38 


£43 


£50 


£57 


... 



Fkcking for shipment, 4 per cent 



Fig. 295. 

' ■■ BSt OF IHBEE JtOVBLE-ACnsa FUKFS, Fig. 295. This arranfienient of doublc- 
ttCtiQg pomps ii specially adapted for emplnfmeut at gasirorkg. One of the three pomps 
»l9CS water, the seooiid tar, cind the third ammoniHcal liquor. The? are made of any metal 
'destfcd, bnt tunally of east iron, and the prices given ara for that metal. The suction and 
idetfrery pipe may be taken in any desired direation. 

The pimipa are placed neur to a wall, and are driven from a inron^t-iron crank shaft 
directly^ over them. The crank U fonoed by bending the shaft, ao as to preserve the 
oontinmty of grain in the metal, and is, therefore, maoh stronger than if slotted. One of tbe 
ponips is driven from a bent crank, and the other two by crank pins in dieo plxtes keyed on 
«Dds of crank shaft ; the shaft carries also a pulley to bo driven by strap. The crank shaft 
ruDB in two plnmmer blooks fltt«d with adjustable gun-metal beariugs, louse caps, &c. Th^se 
pliimmer blocks are supported by cast-iron cantilever brackets bolted to the wall. The 
connecting-rods are Wrought iron, bored at the lower end, and fitted at the upper end with 
M^nstable gun-metal bearings of the marine pattern. The piston rod is guided at the upper 
end by cast-iron bored guides, cast to top cover. The pnmpa are arranged «> that by simply 



eo 
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drawing oat a cotter, any one of them may be atopped vitbont stopping the otberB. TIjib is 
frequently a ^rtrat coavonicnce; The vslveB are generall; plain oaat-iron iHtlls in the tar ood 
ammoniaoal liquor mimpa, and are ammged in such a manner that thejr can be easily examined 
without breaking the joints of either auction or delivery jspes. The cc«t of flanged pipes 
suitable for ose with theae pumps will be found on pages 148 to 154. 

The number of gallons delivered per hour ia calculated for thirty strokes per minute of the 
pumps. 

Pbioes or Bkts or Theee Fcmfs, Fig. 29li. 



Diameter of pumps in inches 

Length of stroke in inohee .. 

Nnmber of gallons per boitr 

Price of set of pumps complete 

Diameter ot suolion and delivery pipes in) 


3 
12 
900 

£60 
2 


4 

1850 

£75 

2i 


6 
12 
2450 

£90 


6 
12 

4300 

T 


8 
14 

8600 

£135 

5 



Packing for shipment, i per o« 



• FOSTABLB StSAK FUHFIHG-EHGIirB, Fig. 296. This form of pumping engine U 
mnuh used by brmers and others for rsising and forcing large quantities of water for sheep- 
washing, drainage, iirigation, &c The portable engine is ^ the tuual construction, which is 
fully described aud illustrated in Section 1. The pump is double-eating, and is bolted to a 
strong cast-inm saddle Dttaobed to the side of the boiler.. The driving pinion ia made to slide 
out of gear, so that the engine is available fur any of the numerous purposes to which an 
ordinary poilable engine can be applied. The pump bariel is usually uned with gnn metaJ, 
and fitted with gtm-metaJ valve seuts and guards and india-rubber disc valves. Covers an 
provided, by removal of whicb these valves may be examined. 

For prices of pipe suitable for use with these pumps, see pages 148 to 191. 

Piucts or PoBTABUC Fqkfing Ensimei, Fig. 296. 



Diameter of pump in inches 

Nominal horse-power of engine 

Number of gallons delivered per hour 

Approximate weight packed in cwts 

Approximate measure packed ia cubic ftet 


6 
S 
8000 
96 
818 
£220 
£6 


8 

8 

14,500 

117 

415 

£280 

£» 



PUMPING MACHINERY.— Section 3. 61 

THI MSTABLI LIFT tuA FOBCI PUMP, and CAITLB OEUl, Fig. 297, waa originally 
dasigned for imgahon, bat it ia appUcable for any otlier purpose where flnida have to be mised"- 
«nd whilst eieefidinglv- portable and oompact, it is so aimplB ia conslruotion and in the mode of 
w^Uiig, that it can be set in operation in a few minutes by inesperiejiced men. The pinion 
drireu by the large spur-wheel bos a dire plate and crank pin on its upper aide, and this oranfc 
pin working in a slotted link or oross-hea^ as showD, drives the pampa. The \idvea are plain 



Fig. 297. 

india-mbber discs with grids and gnards, and can be easily got at for examinBtioii by removiDK 
the covera provided for that purpose on Che valve chests. The portable pumps axe fitted lor 
bose anions for the suction and delivery pipes, but for fixed pumps (without travelllug wheels) 
tbey are usually arranged for flanged pipps. The poles are fitted with wliipple trees, and are 
' iS draft poles when the pnmp is moved from one place to another. These pumps a 



nol employed. 

If thepmnp« , _ . ^ .._„ , „ „„„„,„ ,„ 

larger In diameter and width than shown m the engraving, and the front wheels should be fitted 



« reqnlt^ for trnvelllng long distances over bad roads, the wheels should be 



to ft locking ftwe-carriBge, with bullock poles or shafts. Theeifm cost of thpae iafromilOlo £15. 
For the cost of pipes and fittings suitable for ubo with these pumpg see page 151. The 
snl>iirined prices include an airveaseloTer each valve box, and everything neceBsory for working 
excepting the enction and delivery pipe ; the results stated are obtained with cattle travelling 
at a speed of f^nnn two to three miles an hour. 

Pmcsa OP PoBTABLB Fdmp and Cattle Gbab, Fig. 297. 

Diameter of pump in inches 

„ suction pipe in inches 2 2} 8) 

„ delivery pipe in „ H 2 S 

Gallons delivered per hour .. 500 to 700 1000 to 1300 3000 to 4000 

Approiimate weight in owts. . . ' "" 

Price without travelling wheels 
„ complete a« shown 

Pooking for shipment, i per cent 
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PUMPING MACHINERY.— Section 3. 



63 



Pbicbs or Treble (Bbass) Barrel Deep- Well Pumps. 



Diameter of pump barrels in incbes 
Namberof gallons raised per hour) 

at 20 strokes per minute . . / 

Number of gallons raised per hour) 

at 30 strokes per minute . . / 

Price complete to cmnk shaft for) 

well 30 feet deep . . . . . . / 

Price extra for each foot increased! 

depth . . . . . . . . / 



3 
760 


8* 
980 


4 
1350 


5 
2100 


980 


1350 


1900 


2900 


£87 10 


£95 


£112 


£135 


£0 5 


£0 5 6 


£0 6 


£0 7 6 



Prices of Double (Brass) Barrel Deep Well Pumps. 



Diameter of pump barrels in inches 
Number of gidlons raised per hour^ 

at 20 strokes per minute . . J 

Number of gallons raised per hour 

at SO strokes per minute 
Price complete to crank shaft fori 

well 30 feet deep . . . . . . / 

Price extm for each foot increased! 

depth .. .. .. ..) 



3 

' 500 

700 
£63 
£0 4: 



3J 
650 

900 

£66 

£0 4 6 



4 
900 

1200 

£72 

£0 5 



. 5 
1500 

2000 

£105 

£0 6 



Price extra for gear to increase speed of pump above that of horse geiir, £6 to £10. 

Prices of Single Speed Horse Gear, Fig. 300. 



Number of poles 

Apportionate weight in cwts. 

Price including poles and Whipple trees . . 

Price of ditto.if frame-work is of wrought iron . . 



1 

13 
£14 
£16 



2 

14 
£16 
£20 



4 

20 
£23 10 
£30 



The horse gears are strong and durable, the teeth of the gear employed are carefully 
proportioned and shaped to work with as little friction as possible, and the poles are made of 
well-seasoned timber and are strengthened by wrought -iron tie rods. The price above does not 
include a long length of shaft to connect up to the pump crank shaft, the cost being based on 
the arrangement shown in figure, when the pinion is keyed on to the end of pump shaft and 
the horses or cattle walk round the well. If it is desired to place the horse gear further from 
the well the price will be slightly increased by the cost of the necessary shafting and couplings; 
in some such cases it is found convenient to use imiversal couplings of the Ubual kind. The 
Author's firm have constructed a number of horse gears in which everything but the bearings for 
the crafts, the gear and the poles, was constructed of wrought iron. These gears are made for 
the diamond fields in South Africa and elsewhere, for the express purpose of obtaining great 
atr^gth with little weight. If such machinery has to be carried a long way up country over bad 
and hilly roads the extra cost is more than compensated for by reduced freight. 

BXXF-WELI PtnUIF, Fig. 299. This is suitable for wells not exceeding 100 feet in depth, 
and is aiTanged for working with horse, pony, or cattle gear. 

In general construction these pumps closely resemble those shown in Fig. 298, but they vary 
slightly in some details, the buckets being generally, though not necessarily, fitted witli 
Appleby's patent conical valves. Doors are not provided for examination of valves. The stminer 
CD the end of the suction pipes, can have a foot valve if required at a small extra cost. The 
barrels are made of brass. The rising main is provide<l with an air vessel and retaining valve, 
and sufficient pipe to convey the water to the top of the well ; the cost of piping required to 
convey it from that point to any other phice may be found at pages 148 to 154. 

The lowest length of pump rods are of copper, and work through ^nm-metal glands ; the rest 
of the rods are of wrought iron with scarf joints and brass sockets. The upper end of top pump 
rod is turned to form a guide, and has a solid cross-head with pins for the connecting-rod to work 
on. The connecting-rods are of wrought iron, forked to span the guides and fitted at the top 



i 
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with Ailjastable g^in-metal boaringa. The guides are foimod hj oaBtioga aaitable for fixing to 
timber bricked into the aide of tha veil. 1'lie well frame la farmed by a etrong oasting carryinr; the 
crank ehoft bsalinga ; these are plnmmer bloobs fitted with adjustable gnn-metal bearings, loose 
caps and bolts. Tlie crank shi^ is bent ont of a wrought-iton ber and tnmiri iu the joumala. 
A heavy flj-wheel is keyed on to the orank sbaft to give it a regular and uniform motion. The 
subjoined prices do not include well stages or gaides, these being usually made of timber and 
bricked Into the wall of the well, aa shown In engraving, when the well is made. The pomps are 
arranged to be drlTen hj sUam power or from horse gears similar to those preriouslj described. 
The number of horses required to work a pump will of coune depend on the quantity of water 
lilted and tbe height to wbioh it is raised. 

The horse-power gear usually supplied witli these pamps is similar to that illustrated by 
Figs. 298 and 800, the prices for which 
will be found on the preceding page. 

Separate prioes for deep-well pumps 
are given at p. 100, and the cost of eranba 
aQdomnkframeeat p. 66. Witbthis,aad 
" I other dara ttivea in this Section, 










prevent the backirard flow uf water whilst 



Buob examimttion ia proceuding, 
veesel IB provided od the riains loain, 
which rchevcs the pump frotu liability to 
sudden shucks, and also causes the water 
pumped to be delivered at an even rate. 

The sURtioD pipe ia carried down to 
a.uy deptli ant exceeding 21) feet below the 
bntlom of the pump, and ia fitted with a 
strainor. 

The pumps being double-acting the 
spear pump rods are of timber, the light 
wrought-ironpuraptoda shown in Figs. 298 
and 299 not being strong enough to stand 
the compressive strain on the down stitike ; 
these spear rods must be guided by timbers 
■ bricked into the well walls at intervals of 
10 to 12 feet. 

The connecting - rod is wrought iron 
forked at the lower end to span the guide. 



carrying a crank shaft of wrought ii 
turned in the journals. 

These pumps may be arranged to work 
by a rotting beam or bob lever, and in the 
larger sizes {especially for very deep wells) 
an engine is usually employed todrive them. 
The weteht of the spears and pumpbuchet 
sliould also be balanced, and in auch cases 
the bob lever armugement la very ran- 
venient The horse ^eara employed with 
these pumps arc similar to those referred 
to at p. 60. 
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flSABED VZLL BNGOTB FSAICZ, Fig. 801, for deep-well pumps, either Bingle, dcnble, 

or treble barrelleil, and ctiii be airanged for lianil or ateflm power, or for botli. 'I'he fntneB are 
cast iron, of a Bubslantial and oeiit pattern, and are fitted with adjualnble gun-metal bearingB. 
The shafts are wrought iron (cast-iron crank shafts are not ttnstworthy), tlio cranks being 
formed by bendine ilio solid bar, thus retaining the whole of the original slrength. Wronghl- 
iron screwed stay burs ale prOTiiled to hold Ihe frames firmly in their relative positions, and the 
bikse-plate has holes in it fur foundation botla. The gearing consieta of a cast-iron wheel. 



and pinion of the necessary propnrtion and stpength. The prices include wronghWron forked 
connecting- tods fitted with Eun-metal adjustable bearinffs, slinga, and guide motion ready to 
connect up to the pump rnds, a heavy cjist-iron flj-wbeel and two handles, or a pulley turned 
on the face for driving by power. 

ri;icii» OF GuBBD Well Enginb Fruuis, Fig. 301. 



Price for single crank frame with guides ns shown . 
„ double „ „ 

„ treble „ „ 



Paiking for Bhipment about 3 per cent. 

If turned pulli-ya nre required in addition to the fly-whocl, tlie cost is increased in proportion 
o the size of pulleys. See " Tunieil Pulleys," Section 7. 
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BTBOHS WSLL EFSIHZ FSAME, Fig. 302, U suitable for wella not eioeeding 100 feet 
deep, and for single or doable pmnpe. TJie fniaieB are neat and strong, alid are fitted with 
gnn-metal adjustable beariuEB for the erank sliaft. WrooKlit^jron atays are prorided to hold 
the t^famee firmly in their relative podtiona. The frames are bolted to a strong oest-iion base- 
plate, to which is also fixed the guide. 

Tlie crank shaft 19 wrought iron turned in the joumaU, and fitted with oast-iron fly-wheel. 
The crank ia formed by bending the bar, «o that the fibres of tJte metal are oontinaous, and 
the full (trength of the material retained- 



Fig. 302. 

The connecting-rod is wrought iron, forked to span the guide uud fitted with adjostiible 
gun-metal bearings and cotters. 

The guide is bushed nith gun-metal, and a wronght-iron guide b.ir is provideil, resdy for 
' aching tu pamp rods- 
Two hanales are provided, one fitted on the rim of the fl; 
n cranked handle fittbg on the end of the crank shall. 

Prices op SAiono Well Ekoinb Fraub, F^. 302. 



Cost of packing for shipment abont 3 pet cent. 

If pulleys for steam power are required, the cost of the pulleys ipuat be added. Bee 
** Tartwd Puileya," Section 7 ; but in some cases these pnmps are driven b; round wire ropes 
working on grooved pulleys. Tijia system was first introduced by the Author's firm for use at 
the Diamond Fields at Kimberley, Cape of Good Hope. Power ia transmitted from the winding 
engine which ia fiied near to the "claim," bnt the pump ia placed where convenient, and by 
means of the mpe the power ia carried to almost any distance or in any direction. 
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SnOKO "A." nUKZ VnSLL EHOIHI, Fig, 303. TLia form of we!l enginn ia modifled 
for deep or shallotr nells. If employed »a ehonn in engraving, it can onlj' be used for wells oat 
exceeding 2a feet in depth, but b; placing the barreli below, Bay, witliin 15 or 20 feet of tlie 
Butface of the water, it may be osed for much deeper wella. 'Djb pump batrels ate guu metal, 
Willi gland and stuffing boi Bt lop; the liiickets and tbIvcb ftre hIbo of the same matdl. The 
pump is furnished with a retaining valve in a caat-iroD box, fitted with door for examination of 
valve. TliB crank shaft is of wrouf^ht iron, the cranka being formed by bending the bar so that 
the fibres of the iron ate letained unicjnted. The kite guide motion la adopted to enable tlie 



Fig. 308. 

pump barrel to be placed above the ground line aod still allotr the cnnk ehaft to be at the 
proper level for men to work at handles on the end of it. The eide frames ate cast iron, 
triangular in form, and of sufSiient height to carry the top guides. Tb» crank shaft bearincia 
are bushed willi gun metal. The frames are belu apart at tlie rcquirtd distance by wrought- 
iron stays with collars and nuts. A hea^y cast-iron fij-whecl ii keyed on one end oF the 
crank sWt ; one handle ia fixed into this fly-wheel, and another Qts on the opposite end of the 
cronk shaft 

The prices include a pair of handles, but no snction or delivery pipes. 
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Prices of Well Engike Fb^mi^ Fig. 303. 



Diameter of pumps in inches *, 
Price complete, as Fig. 303, with douhle barrels 
Ditto, with treble barrels . . 
Price of frame only for attaching to deep wells,^ 
double-barrel pumps .. .. .. ../ 

Ditto, with treble-barrel pumps . . 



£32 

42 

25 

28 



3J 

£31 

46 

25 

30 



£36 

50 

27 

32 



UfT PUMP FOB DEEP 'WELLS, Fi^ 304 (No. 102), suitable for depths varying from 27 to 
70 feet, is fitted with strong single crank, and the well engine frame is bolted to a cast-iron 
foundation plate ; guide and sling motion, heavy fiy-wbeel, and two handles are provided ; 
also standaM head, main pipe and wood rod, bored working barrel with bucket and clack 
door, 18' 6" of suction pipe, including strainer, bolts, nuts and elastic washers ready for fixing. 
The general arrangement is similar to deep-well piunp, Fig. 303. 



Diameter of barrel in inches 


2i 


3 


3} , 


4 


„ main pipe ^ •• 


3 


3 


3i 


4 


„ standard head „ 


3 


3 


3 


3 


„ suction pipe „ • • • • • • ' 

Price complete for well 30 ft. 6 in. deep 


1* 


2 


^ 


^ 


£23 15 £24 6 


£25 


£25 16 


„ extra if exceeding 30 ft. 6 in. deep 


2 6 


2 6 


3 


3 6 


„ w if barrel lined with copper 


8 


9 


10 6 


13 


M „ if fitted with brass buckets and'^ 
valves / 


5 


7 


9 

1 


10 6 



LITT AND 70BGE PtTlUP, Fig. 305 (Ko. 73), with strong single crank well engine 
frame similar to Fig. 304, is fitted and bolted to cast-irun foundation plate 36" X 18", witii 
lever guide, heavv fly-wheel 42" diameter, with balance weight and two winch handles, 
standard head, 2^ rismg main pipe, 4" bored working barrel, with clack door and all tho 
latest improvements, wood rods, guides, &c., 3" T-pipe, 12" globular air vessel, 2J" dip pipe to 
suit rising main, 18 feet of 2}" suction pipe, including strainer, bolts, nuts, and elastic washers 
for all the joints. 

Price complete for well 30 feet deep .. .. .. .. £24 

„ extra if exce^n^ 30 feet deep, for 2^" flanged main pipe, 

wood rod, guide, &c., per foot .. .. .. .. 2 3 

LIFT AND 70BCE PUMP, Fig. 806 (No. 74), is similar to Fig. 305, but without standard 
pump bead, for taking delivery at a distance from the well. It is supplied with single-crtink 
engine frame with wrought-iron crank, &c., and the working parts below the ground line are in 
all respects the same as Fig. 304. 



Diameter of working barrel in inehes 


•2i 


3 


8i 


4 


„ mam pipe „ 


3 


3 


3i 


4 


„ delivery branch „ *. 


2 


2 


^ 


2J 


„ suction pipe „ 


H 


2 


^ 


2i 


Price for 30 ft. deep £20 11 £21 3 


£21 18 


£22 16 


„ extra if exceeding 30 ft. deep .. 

,, ^ if barrel is copper lined . . 

n ,» for brass buckets and valves per"^ 

set j 


2 6 


2 6 


3 


3 6 


8 


9 


10^6 


13 


5 


7 


9 


10 6 



Lnrr and TOBCE pump, Fig. 307 (No. 75), is similar to Fig. 306, but with double- 
cranked well engine frame and two 3^" working barrels, globular air vessel, &c., as shown. 
Price complete, with all accessories for 30 feet deep .. .. £33 18 

„ extra if exceeding 30 feet deep, per foot . . . . . . 3 1* 

„ „ if fitted with 3" standard pump head .. .. 2 8 

No. 76 is similar in prmciple to Fig. 307, out with standard head and rising main pipe 
bolted to the foundation plate. 

Price complete, with all accessories for 30 feet deep .. .. £36 

extra if fltted with two fly-wheels . . . . . . . . 2 8 

„ if fitted with turned pulley for power, 15" in diameter, 
and 4i" on face .. .. .. .. .... 140 
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Nn. 77 is B maob atnmger type of lift and force pump than any of those referred to, having 
three 3" working barrels, with doors for access to Talros, turned rod and joints, glands aod 
stuffing boxes, elliptical air vesael 18" x 7" outside, witli retaining tqIts, strong cast-iron well 
engine frame ntt«a and bolted ti> heavy catt-iron foundation plate 4S" X 30", vitb beat wroogbt- 
iron three-tliroTT crank, heavy By-whed 42" diameter, 2 nincli handles. Bpur wheel and pinion 
tu decrease tbe speed in the ratio of 2 to 1 or 3 to 2, complete irilb suction pipe, strainer, bolts, 
nuts and washers for all jointSj and 2}" rising main to ground line. 

Price for well 30 feet deep £50 

„ extra if exceeding 30 feet de^, per foot 4 3 

„ „ if fitted wiUi two fly wheola 2 8 

„ „ if fitted with turned pullej for power, 15" xi" 14 

„ „ if barrels lined with copper, per set 17 

LIFT AHB FOBCE PUKP, Fig. 308 (No. 150), for wells fmm 27 fo 50 feet deep, similar in 
design to Fig. 310. Tbe working barrel is placed 18' 6" from the bottom of the well; the prices 
are for 31) feet deep, and iociude 9 feet of main pipe and wood rod, 18 feet of auction pipe, 
and strainer and bolts, uuta and WEishers, ready for fixing. 



Diameter of working barrel in inches 

Price for 30 ft deep 

„ extra per foot if exceeding 30 ft, deep 

„ „ with bucket door to Imnel 

„ „ if barrel is copper lined .. 

i, „ if fitted with brass bucket and valve 




LIFT AHB FOBOB PUMP, Fig. 309 (No. IGO), for wclla from 27 to 50 feet deep, i 
similar to Fig. 308, fitted with air vessel and retaining valve complete. 
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Diameter of working barrel in incheB 

Price for 30 ft: deep 

„ citraperfoot ir exceeding 30 ft deep.. 

„ „ fordmw-offoock 

Extras, t«me aa tor Fig, 308. 


£11 I 
2 <i 
7 (1 


3 

£12 

3 

7 


Si 

£13 4 

3 6 

i 



niDEFElTSEBT FILLAS F17HP, Fis. 310 (No, 850), for hand or gleam power, suitable for 

welLa not exoeediog 25 feet deep. Tlie ny-vheels are turned flat on the onter edge to take a 
etiap for Eteem power if required, aiid each pump te fitted with ptitenl buckets and valvee ; tbe 
hei^t from the ground to spout varies from 12" in the small size, to 16" or 20" io the larger 
sizes. With Ihrs oonstractioiL the nsiml well engine frame and crank is dispensed with, thereby 
effecting a coneidemble reduction in cost. 

Fie 311 (No. 360) ia similar in design and coostruction to Fig. 310, anitable for wells not 
cioeeaing 25 feet, fitted with brass atufHng box. cast-iron air vessel and retaining valve for 
forciDg to a moderate heiglit. 



Diameter of barrel in inches . . 

„ wtought-iron tube in incLes 

Price, Kg, 310, each 

„ „ Dll, exclusive of draw-<rfFoock . 




DOTJBLB-ACIDra TORCS FDH?, 
Fig, 313 (No. 28), anitable for rail- 
way BlatioQs small waterworks, 
warehouses, &c. The pump is made 
ofcastiron.verystrongin every port, 
and ia fitted with brass plunger; 
the crank shaft is of wrought iron, 
tnmed in the neck and journals, 
and working in gnn-netal bearings. 
The connecting-rod is of wrought 
iron, fitted at the upper end with 
Kun-metal bearinga. The aide 
frames are of cast iron, stayed 
together by two wrought-iron slays 
(the fcet being planed for bolt- 
ing to bed-plate), and fitted with 
gun-metal beEirings, oarryinK tha 
crank shaft, loose oapa, and lock 
ants. The whole ia mounted on a 
alnmg cast-iron baee-plste, having 
planed seats for receiving (be aide 
frames. The prioea include cast-iron 
air vessel, fitted with retaining 
valve, heavy fly-wheel and haodle, 
as shown, also handle for tbe oppo- 
site end of oiank shaft. Pulleys 
for steam power are supplied when 
desirable, at an extra pnoe, accord- 
ing to uie diameter and width 
3 for either size. 



Diameter otbarrel in inches .. 

plonger 
Gallons per hour at 80 strokes per mi 

metely 

Price 


ute, approxi- 


500 to 600 


5 6i 

3i 1 
700 to 800 MOtolOOC 




£20 


£22 ] £28 
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SOTTBIS-BASEEL TOKOE FTO7, Fig. 313 (No. 29), desii^ed for station nork, ships' use, 
Ac The biUTeU are of gun metal with open tops and gun-metal plungers ; the crank Bhaft ia 
of wroDght iron, the fonndation plate and frames are strong and rigidl; itajed together. A 
IsTEe Qiimber of these pmaps have bean fitted with a cast-iron T-vheel for use at the Diamnnd 
Fields, Kimberley, &c., for being driven by a wije rope, where the power has been tramiiiitteil 



from a distance. Tbe«e pumps are extremely simple in conBtraciion and well adapted for nse 
in foreign eountrisB, not being liable to get out of order, and, in ease of accident, they are 
easily repaired. The prices iaclndo fly-wheel and handle fur hand power; pulloya fur steam 
power are supplied at an extra cost, according to the size required. 



DUmeler of barrel in inches 

Price 

„ if fitted with V-«heel instead of ordinary dy-\ 

wheel ../ 

Gallons per honr at 30 strokes per minute approx. . . 


2) 

£20 

10 

480 


3 

£22 

10 

62S 


3i 

£24 
10 
870 



sum CHAIH FHK?, Fig. 314. This simple form of pump is applicable to sneh purpoees 
■a raising liquid nutnure, hot or cold water, gas tai, sewage, pulp, grease, claj wash, &o., and 
will be found extremely useful by biiokmakers, potters, builders, contractors, gas companies, or 
local boards uf health. 
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The arraugemeDt of the pnmpB is so 
simple that the7 seldom get oat of order, 
anil oiiii theietoie be eatnisted to any 
ordinarily intelligent labourer ; if after 
lapse of time they should require repeira, 
these can be executed by an ordinary 
blacksmitb. As the ptimm are empty when 
out of use.they are not liable to be injured 
by frost. Having no valves the pump is 
not easily choked by weeds or other foreign 
matter which may happen to find their way 
into it: for this reason fhese pamps ere 
applicable where reciprocating pumps 
would not work satisfaolorily. The ex- 
pendiiure of labour required to raise a 
given quantity of water to a oertain height 
with these pumps is not so much as wiUi a 
pump worked by a reciprocating lever, Uie 
power of a man being more eoonomioally 
employed on a crank handle. Being very 
light these pumps are easily moved, and 
require only a few minules to Rx. them. 

The discs are inadeof hard, chilled cast 
iron, and are extremely durable ; the chains 
connecting the discs are made of a good 
quality of iron, and of ample section. The 
topand bottom castings are neatly designed, 
the one to form a spout and carry the chain 
and fly-nheela, and the otlier to guide the 
discs into the barrel. The chain wheel is 
cast iron with recesses in the rim to fit the 
discs, and the fly-wheel lias a heavy rim 
and is fitted with handle. Compared to 
other pumps of equal capacity, they will 
be found lo he economical in first cost, 
Mtd they are very durable. 

The prices given are for 12 ft. from 
bottom to under side of spout, but they 
can be adapted for great^ heights, and 
hy slightly altering the bead pattern and 
increasing the strength throughout may 
be employed for very great heights. The 
prices include eveiy requisite for setting. 
the pump to work, 

Peicm or Chaik Potps, Fig. 314. 



Diameter in inches 


3 




Height In feet .. 


12 




2500 


5000 




£4 10 


£5 10 


Price per foot extra 


40 


50 


Diameter in inches 


*i 


6 


Height in feet .. 

Gallons per hour .. 


12 




12,000 


16^00 


Price of pump 


£14 14 ( 


£20 


Price per foot extra 


12 


16 
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POBTABLE DOHBL&SABBEL BBA88 FUHP, Fig. 315, shows a portable Land- 
pump, Buibible for all purposes of gardou irri^tiun and pi'omineDtlj aa a Sm engine. The 
Snmp ia mounted on four Btnall caat-irun vthools, witti irrougtit-iron axles and carriage. A 
ouble niought-iron rocking Ijandle, witli wrought-iion bow bundles at ends is provided. An 
ait vessel is provided on the deliverj pips, and the pump is complete in every respect, up to tbe 
auction and aeliver; flangee, TLe handles can be taken out o( their sockets Cor packing, or if 
tbe pump is uot required for use. and the wheels can be eaeilj taken off if the pump is 
required to ' 



o be bolted down tc 






PBICES or POBTABLE DODBLE-BABItBL BRASS FUHP, Fig. 315. 





i 


9 1 e 1 


Number of gnlloos per hour at 40 strokes perl 
minute f 


1350 


2500 1 5250 1 


Price, complete 


£15 


£17 15 ; £21 


„ of suitable (best) soolion hose per foot .. 


5 4 


5 6 1 .■> 9 


„ „ delivery „ 







Packing for delivery 5 per cent. 

The prices of those pumps, titled up as hand fire engines, as shown in the engraving, 
complele with 10 ft. of best suction hose and strainer, and 20 ft. of best delivery hose, willi 
union screws, branch pipe, and jet, are as follows : — 

4-inch pump, completely equipped Bs Are engine ., .. .. £23 

5 „ ditto ditto ditto £27 

6 „ ditto ditto ditto. £32 



Fig. 3IS. 

PORTABLE CAUFORSIAS PUKP, Fig. 316, Illustrates a neat and compact form of 
portable putnp, suitable for several purposes, but specially, adapted for use aq a his engine for 
mansions, farms, dockyards, factories, wareliouse.'i, or ships. The pumps are capable of 
throwing a jet 50 ft. high, and are very strongly proportioned Ihroughont, The carriage ia 
light, but BUbstantial, and is mounted on three wheels, the front one arranf^d to swivel, anil 
fitted with handle. The pumps are driven by the T-headed leveta, sufBelently long for four or 
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Pbiobs of Fobtablb Califobkian Pchm, Fig. 816. 

Dlameteiof burel in iaches .. , i 5 

Price vith iroD barrel anil ail ve«sel and copper pist^ii rod . . £17 15 
„ with brass-lined barrei, iron air vessel, and copper piston n>d 19 5 

„ „ „ copper air ihamber, and piston rod ; 22 

„ completely equipped as fire engine, with 15 ft. of BuotionJ j 

and 46 ft. oT leather delivery hose, brass couplings, copper) , 30 

branch pipe, and delivery nozzle | 

For particulars of hose, nozzles, and other fittings. Bee pages 121, 126, and 112 to 154. 



' CAXirmHIAH BAB- 
aow PTJKP, Fig. 317, is 
similar in delail to that 
last illustrated, bat it is 
mounted on na ordinary 
barrow, and is suilable for 
gaidena or porks, liquid 
manures and c1ienii<>als,&i. 
The lever handles are 
arranged to fit into eooketa, 
so that either one or botli 
may be used ai 



be slipped o 



d required. 

The barrows are titled with 
wmnght-iron wheels, and 
are strong and durable. 
The eonstruction of the atr- 
vessel and valves is saoh 
as to allow the pump to be 
taken to pieces, cleaned, f 
and set t« work again in 
a few minutes by an ordi- 
nary labourer. Thesmalleat 
sizepninp (2i in. diameter 
of barrel) will thiow a 



continnons jet tt 
Tbe 21 in. &nd ! 
two niea. The 
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A height of 40 feet when fltt^ up as a fire engine, as shown it 
in. pumps onn be tnirked as a fire engine by one moD, the lar; 
'~'~ ~d pKoes iDClnde braea uoions for hose on suction and delivl 



Prices or CiwrOBSiis Babbow Pumps, Fig. 317. 



Diameter of barrel in in(>hcs 
Pri<», complete, on burrow . . 
Price of pnmp without barrow 
Price, extra, per handle 




£fi 10 £7 10 
5 16 5 
9 6 5 G 



£9 5 £1S 10 £13 

8 10 10 I 15 I 
056 056| 056 



The 5 iit. and 6 in. pumps are osuall; mounted on tlire«- wheeled barrows, aa shown in 
Fig. 316. For prices of hose, aoions, DOzzles, and other fire engine fittings, see pagee 124, 
12G, and 142 to 154. 



Fig. 318. 

nSTABIX CALITOaNIAIT PmP OH TABS, Fig. 31S, shows a neat and compact 
arrangpmont, useful rb b fire engine for farm or mansion, or for irrigation or garden use. The 
pump is lliori on a strong wronglit-iron tank from which it draws its woter, or by using snoHon 
hose it will dciiw from a pond or river. The tani is mounted on three iron wlieels. ITie front 
one is fitted with a wtonght-iron handle, and is arrangtil to swivel. The pump is driven by a 
c4«nk ttid connecting- rod, and can bo worked either by hand or steam ; in the latter case the 
power must l)e applied by a leather or india-rubber belt on the rim of the fly-wheel. Prices 
will be found below for the pump on tank, and for the whole completely cq^uipped aa a flre 
■^ogine as shown in the engraving ; this latter includes 12 ft. of suction hose, with union and 
rose or stroiocr, 40 ft of ^livery hose, with nuion, and brBDcb pipe and jet. 

Prices or Calipobnian Pumf ok Tank, Fig. 318. 

Diameter of barrel in inches 2} i 8 

Priceofpump- £18 | £14 5 

I Price of pump, equipped as file eugiao 20 15 23 15 



nngcd on a cnst-lron frame instead of a tank, s 



So 
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OAUTOBNIAir FUKP ON PLANE, Fig. 319. This pmnp ia worked by either ods or two 
bandies, Teinovable nt pleasure, end secar^d in their socketg by set Ecrews, The pump is double 
aoling Bod consequeDtly the water U delivered in a cantinuoaB eiretiR). The pump is suitable 
for wella not exceediug 25 feet deep, either for delivery at the epout, for forcing to any reqaired 
height through the upright pipe, or by nttaohing a bose and hand pipe with jet; in the tast 
manner it forms an economical and efficient fire or garden enttinii. The cock narked C on the 
engraving is a three-way cock, bolted to the flange of the delivery ontlet, and is an important 
addition to the pump. The vertical outlet is screwed for a wroaght-iron rising main, the other 
for a hose union ; there is a hook on the latter, upon which a bucliet may be hung when th« hose 
is romoved. The price of these three-way cocka given in the list below includes a boee uuion. 



(A 



r 



Fig. 319. 

The anangetnent of the air yesael and Talves ia such that it can be taken to pieces, cleaned, 
and put tcgethtr ngain in a few mintit^B, by an unakilled lalKinrer. 

The prices include one handle mid every roquisito for working tlie pump except suction and 
delivery pipes. 

PBICE3 OF Calitobnun Pcup ON Pulke, Fig. 319. 

Diameter of bore in inches .. 
No. of gallons delivered per hour . . 

Price of pump only 

Price of three-way cock 

Moe extra for one handle 




For particulars of hoEe, u 



f, and jets, see pages 112 to 151. 
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UIXDBIVIB& OX&K, Pig. 320, Hhowfl ft neat, eompBot, and Htrong set of gear 

aoltable for driving deep well, mining, or oontractore' pmnps, Tha wheola are onrefully 
proportioned, the teath being of a, form calculated to work wilh as little noise and friction as 
poBsible, and consequently to wear well. The frames ore cast iron, of a nest and strong pattern, 
provided witli seats for two pliimaier blocks, lug9 for holding down bolta, and bosses for ataye ; 
the latter are four in number, i>ioaghl--iron collar stays, screired at eilHs, There are two pairs 
of plummer blocks, all flttm with looeo caps, bolt^. and nuts, and adjustable gon-melal 
beariugs; these plummer bloelcB are carefully bedded on their seats and wedpd in position 
between joggles. The crank shown in engraving is wrought iron, keyed on to the shaft, but if 
more convenient this could be replaced by a cast-iron balanced crank arm, having in it three or 
four holes for crank pin at various distances from the centre of the shaft, enabliug the stroke of 
the pomp to be adjuated in proportion to the quantity of water required ; the same objeot may 
be attained by making the bob lever or bell crank at the top of the well or mine adjnslable. 



Fig. 320. 

The pnlley ahovfn on the pinion shaft is cast-iron tamed on fece and edges, keyed on the shaft 
and of orople width and diameter to transmit the power necessary for driving a 6 in. or 8 in. double- 
acting pump, such as shown, Figs. 321 to 325. It is sometimes prefe^ed to take away the 
strap pulley, and place the frame in such a position that the spur wheel gears with — ---— — 
"- '-'-'■ ■ • hich ^'- '- -■-' 



the crank shaft of the portable or other engine from which the power i 
portable ia employod in this manner it is nec'cssary to block it up on its wheels very firmly, 
otherwise the vibiation of the engine is lik^y to Iireak the leoth of the pinion. The price of ■ 
the gear without the strap, pulley, abaft, and plummerblocks, is given below. The cwanecting- 
tods employed in oonnection with these gears are usually of considerable length, and are 
therefore eompoaed of a stitf timber rod with wronght-iron ends ; these ends ore fitted with 
adjustable gun-metal bearings either of the form illustrated in the engraving with strap and 
cotters, or of the type known as the marine bead, shown in many of the eDgravings in this 
book. 
1 

12 ii 

Prices of Ihtbrhediate Dbivino Gear, Fig. 320. 

Gear complete, with pinion shaft and strap pulley £24 

Gear withoat ditto ditto SIS 
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£30 £4S 



PniCEJ OP CoNTRACTORa' PCMPS, Fig. 



j Diameter of bnrrelB in inches 8 

I Stroke of buckets in iiiolieB 15 

I Oallona per hour &t 30 stTi>kes per minute 9000 

i Price complete for 28 ft. beluw spout .. £51 



10 


„ 


12 


15 


15 


16 


21 


SO 


15.000 


23,SO0 


31,S00 


G5.000 


£82 


« 


£110 


£150 
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Pricks op Deep-Well or Sinking Pumps, fob ▲ 
DEPTH OF 50 FEET, Flgs. 323 and 324. 



Diameter of barrels in inches 


8 


10 


12 


12 


15 


Length of stroke „ 


15 


15 


16 


24 


30 


Price of pump, Fig. 323 


£90 


£130 


£175 


£185 


£250 


)> ,, 324 


£60 


£75 


£95 


£100 


£160 



For cost of extra length of pipe, see p. 149. 



OPEJT LIFT PUMP FOR MINE8, SEEP WELLS, 4ko. 
The pamp (Fig. 325) is specially adapted for worMng at 
depths of from 50 to 300 feet, where a large supply of water is 
required as in waterworks, or the sinking of shafts for mines ; 
in tunnels, &g. The working barrel is within 10 ft. of the 
surface of the water. An iron windboro is bolted to the 
valve box, which is. cast solid with the barrel in small sizes, 
but in large sizes a separate casting is bolted to the barrel. 
The foot and bucket valves are of the ordinary Gomish 
double beat equilibrium pattern, having faces of patent 
metal, so constructed that when worn they can be melted 
out, and a fresh seating cast in and faced up without affect- 
ing the main body of the valve. The working barrel is cast 
iron, stronglv ribbed and accurately bored, and its flanges 
are faced and turned on the edges. The rising main, which 
is slisfhtly larger in diameter th^n the working barrel, is of 
wrought iron with strong faced flanges; in small sizes, the 
pipes have welded, and in large sizes double rivetted longitu- 
dinal seams. All bolt-holes in the pipe flanges are accurately 
drilled to a template, so that the pipes are interchangeable. 
When the pimip is required for sinking the upper length 
of tiie rising main consists of a casting turned to fit a stufilng 
box, having feet to rest on a girder, which is placed across the 
well. The head of the pump resting in this way allows that 
porti(m of it which is below to sink gradually as the excava- 
tion proceeds, until a further depth of from 4 to 5 ft. has been 
reached, when an extra depth of rising main is added* and the 
work proceeds as before. The pamp-rods are of wrought iron, 
with sockets and keyB arranged to be easily disconnected and 
put together again ; the rods are made in lengths to mat<'h the 
lengths of rising main. This type of pump is very suitable 
for employment with Gomish or otlier beam engines where a 
long stroke can be obtained. The advantages obtained are, 
the readiness with which the pump can be put together and 
repaired ; and the working barrel never being more than 10 ft. 
from the bottom of the well, its economical working is ensured. 
The pump does not require the usual stages for fixing, the 
head-gear i-esting on the girders at the top, and the windbore 
on the bottom of the well, or sump. The conditions under 
which these pumps may be worked are so numerous that it 
would be difficult to give a list sufficiently comprehensive 
to cover all case s ; and before the cost of such pumps can be 
estimated, it is necessary to know the quantity of water to 
be lifted in a given time, and the height to which it is to be 
raised. 

Pumps of this kind are extremely durable, seldom getting 
out of order or needing repairs, and the large number now 
at work in our deep mines, many of them for many years past, 
is the best testimony to their efficiency and economy. 

The working barrels are made of any diameter, from 6 in. 
upwards, and are made longer than the stroke usually required, 
to avoid the necessity of accurate adjustment, to prevent the 
bucket striking the bottom. 








V M 




Fig. 325. 
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Fig. 326. 



Fig. 327. 



WBOUGHT-IBOir CONTBACTOBS' mOB, Fig. 326, is 
a form of pump muoh used by bailders, contractors, and 
others. They are made very strongly, but at ttie same 
time suffioieutly light to be easily moved from place to 
place, as may be desired. The buckets are formed of hard 
wood, packed with leather, and the valve is also faced 
with leather, its seat being hard wood. The sliding or 
telescopic suction pipes used with these pumps are illustrated 
in Fig. 327 ; the bottom part is perforata to form a strainer, 
whilst hooks are provided at the upper end for fixing the 
pipe in desired position. These pumps are only suitable 
for use in shallow wells, and cannot be employed when the 
sur&ce of the water to be raised is more man 28 feet below 
the pumjp spout. The joint between the pump and the 
suction pipe is usually formed by wet day. 

These pumps are sometimes merely painted, and some- 
times galvanized ; prices will be found in the annexed list 
fur both. 

Prices will also be found for pumps very similar to those 
illustrated by Fig. 326, but with flanged suction pipes; 
the prices include bolts, nuts, joint rings, and sliding 
suction complete for 28 feet under the spout. 

The prices of pumps for a greater depth than 28 feet will 
be found on the following page. 



PBICES op WbOUGHT-IbON Ck>NTBAOTOBS* PUMPS, Fig. 326. 



Diameter of bore in inches 
Height under spout in feet 
Price of pumps, painted .. 
„ „ galvanized 
„ sliding suction, painted, \ 

Fig. 327 / 

„ sliding suction, gal-V 

vanized. Fig. 327 ../ 

Price per foot for suction pipe,| 

painted / 

Price per foot for suction pipe,j 
galvanized / 



4 
7 
£3 6 
3 12 6 


5 
7 
£3 12 6 
4 2 6 


6 
7 
£4 10 
5 2 6 


7 
7 
£5 10 
6 6 


8 

9 
£8 2 6 
10 4 


9 
9 
£10 4 
12 12 6 


2 2 


2 8 


2 12 


2 18 


3 14 


4 14 


2 8 


2 14 


3 


3 6 


4 4 


5 8 


3 9 


4 4 


5 


5 6 


6 9 


9 


4 6 


5 


5 6 


6 3 


8 


11 



Pbioes op Flanged Contbaotobs' Pumps (28' 0" under spout). 



Diameter of pump in inches .., 
Price complete 



4 
£8 5 6 



5 
£9 9 



£11 2 6 



£12 15 



CONTBACrrOBff Aim WELL 8IKXEB8' WBOUGHT-IBOir SEEP-WELL FITMPS, Figs. 328, 
329, and 830, show three forms of pumps di£fering slightly in detail, but all suitable for 
contractors, boflderB, well sinkers, &c. The pump. Fig. 328, is fitted with a wrought-iron 
handle, 9 feet of wrought-iron flanged rising main, and bored cast-iron barrel, pump rod and 
bucket, with leather clack valve (or Appleby's conical valye), suction pipe with telescopic 
slide and sirainer, and complete with all necessary bolts, nuts, and packings for joints, to work 
to a depth of 86 feet. This pump can easily be applied for working at greater depths by 
adding to the length of rising main, and correspondingly increasing the length of pump rod. 
The rising main is made about ^ an inch larger in diameter than the working barrel to admit 
of the bucket being drawn up for examination or repair. The pump illustrated by Fig. 329 
has double wrougnt-iron lever handle for a large number of men to work at ; wrought*iroa 
rising main half an inch larger in diameter than working barrel ; cistern head ; pump rod, 
bucket, bored cast-iron barrel, wrought-iroH suction pipe with telescopic slide ; and is complete 
with all bolts, nuts, and joint rings necessary for working to a depth of 36 feet. Like the 
foregoing pump, it can be used for greater depths by lengthening the rising main and pimip rods. 

The pump, Fig. 330, is generally similar to Fig. 329, except that the rising main pipe is 
connected by means of union joints instead of flanges. The small diameter of union joints 
makes the pump very convenient for well sinkers, as it can be passed down a bore pipe. Tiie 
ordinary telescopic suction and strainer would be inconveniently large in diameter ; these arc, 
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therefore, replaced b; a fixed Buclion with anioD joint and apeoiaUy-desigiied itnuner. The 
pump is complete in every respect for a working depth of 36 feet, but caa ds nsod for greater 
depth bj iDcreaeing the length of riaiDg main and pump rods. 
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APPLZBT'B FIUFB, whiob ftra referred to in the following pages, ue bo widely kuown 
that it will be nnaecegaur; to describe theio closely in detiul; aa fur ae possible, 
uniformity is preserTed in the oonstiuction and arrangement. The working borrela are made 
of cast-iron of close teiCare, carefully bored, and each pump is fitted with Appleby's patent 
conical valve and buckets with iodestruodblo packing, whiob are adapted for use with hot or 
cold water or pulpy matter; the action of the valve is such that the vaouum is maintained, 
even when the water contains a Iwge quantity of fibre, grit, &o. 

The handles are fixed on the right hand gide, nnlesa specially ordered otherwise. These 

SnmpB ue armnged to suit conditioas varying eo widely that, for the sake of accuiaoj, the 
gate nniuber or number of Qie pump should always be Bpeoified. 
The best lubricator for these pumps is water^«u no acconut most oil or grease be naed. 
When required for hot water, oil, or gas tar. thej have tu be fitted expressly for the purpose. 

The Iraro of suction pipes U In proportion to the siEo of pump banels, and they ore usually 
as fialloivB : — 



Bore of pump barrels in ioohes 
Bore of suction pipes 


fi 


8 
2 


.ft 


i 

2i 


? 


S 
3i 


6 

4 



Lift pomps for all depths np to 25 feet are illustrated by Figs. 3: 




UTT TUKFB TOB DEEP WILIS. Fig. 331 (No. 30) is a lift pump with bow handle, and 
being very light and portable it can be used for a variety of purposes. The barrel is 2i" 
diameter, and the height 16", bored and tapped to suit 1}" wrought-iron tabe. Price ]5«. 

Fig. 332 (No. 30 B) is umilar to Fig. 331, but fitted with reversible eap; tbe handle is of 
the usual type. This pump is manufactured in two sizes, viz. ; — 



Diameter of barrel in Inches 

„ wroDght-iron suction tube in inches 
Height onder spout in inches 
Price 
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Fig. 333 (No. 31), known ai 

and IB well suited for cottages, conaerjatoriee, oi ., , ___,, ., 

water is required. The barrel ia 2i" diameter, bored and tapped for'lj" wrought-iroii'tube, 
fitted with reversible cap and handle, and is made in four different heights, viz. : — 



1 pomp, 



only a moderate supply of 



13" high under spent 

19" „ „ 

22" „ „ 

25" . „ „ 


Price £14 each. 
„ 1 6 6 p 
„ 1 7 8 „ 
„ 19 0,, 



Fig. 333 (No. 131) also shows an improved independent portable sink, or nater and pnmp- 
itand, especially adapted to carr; the smaller sizes of pumps, No. 31 ; it is fitted with air 
trap, for 1}" iron tube to conduot waste water to the drain ; is 30" long, 18" wide, Mid stands 
21'' high oaUide~188. 

No. 31 B is similar to F^ 333. The banel is 2J" diameter, fitted with reTctailfle cap and 
handle, with bracket and lugs for attaching to a wood plank or to a wall, and is bored end 
tapped for IJ" tube— £1 It. 

t plank, read; for bolting to a wall — 




not liable to be broken — £1 Ts. 

Fig. 338 (No. 32 A A) is the same type of pump as Fig. 335, but stands 30" high and is 
20" under the spout; the tail piece is suitable for IJ" osst-iroa flanged pipe or Ij" wrought- 
iron tube— £1 78. 

Fig. 337 (No. 32 B) is sunilar to Fig, 335. but is fitted with bracket and lugs for atlsefhing 
to a wall ; suitable for 1 J" wrought-iron suction tube — £1 10a. 

No. 32 B P it Fig. 3S7, mounted on a strong wood plank— £1 15«. 

No. 32 C is similar to 32 A A, only made to stand higher, being 40" high and 80" under 
spout^£l Ida. 

No, 33 D D is a 2^" cottage pamp 24" high, 13" under spout, fitted with reversible cap and 
handle, bored and tapped to suit l}' wrought-iron tube, and except in height is similar to 
No. 33 XX (Fi^. 338)— £1 lOa. 

No. 33 X is similar to 33 D D, but 30" high and 20" under spout ; mounted on tail piece, 
suited for either 1 j" C. I. flanged suction pipe or Ij" wrought-iron tube — £1 lOs, 



is the SI 



n tail piece; suited for either 
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Fig. 339 (No. 318) is a 3" pnmp ertaoding 3D" high, 18" ander spoat, and iB fitted with 
Kversible oap and handle, and bored and lapped to suit 1}" wiaught-iron tube — £1 13s. 

No. 318 S is similiir to Fig. 339, but fitted with braeket and luj^ for attaching to a vail or 
wood plank— £1 168. 

No. 318 B P is the aame kind of pomp aa Fig. 339, Sxed on to wood plaob— £2 Si. 



Fig. 340 (Ho. 321) 19 of the same type as Fig. 339, only 24" under Bpoqt.andmoni]tedoD tail 
piece: bored and t^ped^orli" W. I. tube, or auitable for 1)" or 2" flanged motion pipe — £1 I6a. 

No. 330 resemblaa Fig. 340, but etanda 42" high and is 30" under spout ' suitable for either 
IJ" or2" flanged snotion pipe or li' wiaaght-iron tube— £1 IBs. 
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'if. 342 (Ka. 424) has a 1)" barrel, is 24" high, and fitted ititlivnrought-ircinliandte.ftiid is 
aa for 2" wrought-iion auction tube ; saitable for fixing on liquid miumre carts, &c. — £3 St. 

This pnmp can be made with curved spout {as shown in engraTing) 

or Btr&ight Bpout and fitted on bracket pedestaJ, without extra charge. 

Fig. 343 (No. 435 PJ is a 3}" flatad jnunp, 4' 2" high, 3' uoder Bpout 

with bored barrel and two spouts, fitted with wrought-iron handle 

and with 2|" tail piece for flanged suction pipe — £3 Gt, 

Pig. 344 (No. 436 P) baa double handles and gear. 4" bored 
workiug barrel, and ie fitted with 2}" tail piece for flanged Bootion 
pipe — £5 14». 

Fig. 345 (No. 61) is a 4}" wrought-iron galvanized pump for liquid 
msQure, and is fitted on wrought-iron tripod portable lege and with 
connecting piece, to which 2" iron sncfion tube or india-rabber hose 
may be attached — ^£3 S». 

No. 61 Q is a 6" stroog galvanized iron liquid manure pump, with 
barrel 86" long, fitted wim tubular legs, stands 72" under spout, and 
is suitable for 3}" suction hose— £6 12t. 

No. 62 is a similar pump to Fig, 345, with flanged base-plate and 
2" oonneotiDg piece, but without tiripod stand — £2 14«. 

No. 63 B P is a anilar pump to. the foregoing, but fitted on a 
bracket pedestal, which admits of fixing it to a water cart, plank, or 
wall, and is suitable for 2" iron suction tube or L B. hose ma; be 
attaohed— £2 lie. 

Fig. 316 (No. 41) is a moat serviceable pattern of pump, with fluted 
head and cap, stands 3 feet under spout, and is made to suit either 
cast-iron flanged or wrouffht-iron auction tubes. It is enitable for 
conserralories, Btftblca, gMden, yard and other purposes. 

Tlie following table gi^ea the bore of auction pipes relatively to 
Fig. 34^. t|]e iy,fe of paiup barrels, and ma; be oonsideied eoneet with regard 

to Appleby's pumps generally ; — 



Bore of suction pipes „ 
Price as shown, each 
Price 4 ft. under spout,\ 


fl 

£2 3 
2 6 3 


3 

2 

£2 10 6 

2 13 6 


2i 1 2i 
£2 14 0£3 

2 17 ff 3 » 


£3 12 
3 15 6 


5 

3i 

£4 10 

4 16 


6 

1 


Price with copper 
lining^ extra, each 

Price eitra with brass 
buckets and dock 
valves 


7 9 
5 


9 
7 


10 3 
9 


'O 12 6 
10 6 


IS 
12 


1 4 
15 


2 2 
1 10 



1 be made &om 4 ft. to 6 ft under the spout at an extra cost of {ma 



Bore of barrel in inches 
Price 


3 
£3 3 


£3 ll 


4 
£4 1 


^1 
£4 16 


9 
£5 14 



The extra charge for fitting with copper linings is the ae 



rod, and is fitted with 3'' tail piece and estra large vaXve — £3 12«. 
special 
it, and is fitted with strong wrought-iron handf 



for pumps, Fig. 346. 
nerally 



handle and 

and will lif* 

^, , is 4 fl. nnde' 

and 4" tail piece for flanged suction pipe — 

exception being that it is provided 
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Eithef of the tiro faregoiug pomps can be made 5 or 
tile prioeB given. 

Pig, 349 (No, 478 P) is a 4" fluted pump, with bored barrel, Ac, fitted withli 
level: or compouad action, stands 7' 8" high, 0' 6" under apout ; suitable tor flUinfflftflr'^P'S*' \ 
4c.— £5 88. \>^ ^'-. 





Fig. 349. 
re fitted with turned 

25 feet in depth. Each pump ia carefully tested before leaving the wocto. 

Pnmps fitted with sir veBacla and retaining valves, materuiUy BNist ia forcing water to a 
coDBiderable elevation, maintain a continaons flow, and leliere the strain ia working. 

Fig. 350 (No. 33 F) is a 2}" pump, 24" high, 14" nnder epont, fltted with flanged baaa-plate 
and to suit 1^" wrought-iroD tube for auction and rising main-~£2 10«. Gd. 

This pump can be fitted with bracket and plank at au extra cost of 10>. 

No. S3 y is B ii" pump, 40" high, 30" under elbow, and is fitted with Kt^nlng valve and 
dome cap to suit either 1} ' fiBogeir pipe ot iron tube for auction or rising main — £3 3<. 

No. 33 W is similar to Fig. 350, fitted with caat-iron air vessel ^nd retaining valve, and 
made to suit 1}" wronght-iron tube for suction and risiiig main — £3 ISi. 

Fig, 351 (No. 318 F) is a 3" pump, 30" high, 18" under elbow, fitted with Banged base-j>late, 
and suitable for 1}" wrought- iron tube for suction and rising main — £2 17t. 

Fig, 352 (No. 318 VV) ia a similar putop to Fig. 351, fitted with cast-iron nir vessel and 
retaining valve and flanged base-plat«; suitable for 1^" wronght-iron tube for suction and risiog 
muin— £3 128. 
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Fig. 35S (Na 330 T) stande 42" bigb, 30" under elbow, is fitted with ntaiiibig ralve and 
dome cap, and to suit either Ij" flanged pipe or monght-iron tube fat suotion and liaiog 
main — £3 6b. 

Fig. 854 (No. 3S7) is a. 3" lift and Foroe pump, fitted with BtroDg iron fulcrum plate, bolted 
to plank 6' X 11" X 3"— £4 14«. 6d. H fitted wifli air vesael, extra— 7»- 6d. 

No. 58 F has a 3}" workiag barrel and \a similar to Fi^. 355, fitted with fianged boae-t^te. 
and made suitahle for 2" iron hibe for euotion aud liung main. Thii pomp stonda 30" higU and 
22" nndei branch — £3 Ge. 

No. 58 V has a Si' working barrel, fitted with retuning valve and dome cap, Etande 44" 
high and 36" under elbow. It ia similar in iippearanoe to Fig. 3S5, and made to suit 2' flanged 
auction pipe or iron tube— £3 18a. 




Fig. 355 (No. 58 W) is a 81" pump. 30" high, 22" under the elbow, fitted with air vessel, 
and retaining valve and flanged iMse-plato. It ia made suitable for 2" iron tube and rising 
main— £4 4«. 




356 (No. 424 F) ia a 4i" lift and force pump, 24" high, fitted with wrought-iri 
« to suit 2' iron suction tube, and with branob nozzle fbr 2" delivery hose ; a 
on banow frames, 4o., to irrigate lawns, gardens, Sm. — £3 18». 
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Bot« of pump barrels iniDcbea 3 3) 1 

Ptioe,aaeh £4 £4 10 £5 

Price if fitted for engine power 3 12 6 4 4 10 

Fig. 3Sg (No. S9) ia a 5" [lamp, fitted Tor engine power with gland nnd staffing Em>i, extra 
strong turned rod, and cotter joint to disconnect bucket, T pipe villi retaining valve, globular 
cast-iron air vessel 12" inaide diameter, stands 39" liigli inS 31" under the branch, and is made 
suitable for 3" or SJ" ilanged soetion, and SJ" rising main pipes — £8 Si. 

Fig. 359 [No. 636) is a 6" strong engine pomp, fitted with gland and stuffing boi.lj" 
turned rod and cap, vith cotter to disconnect bucket, extra large tUipticsl air vessel with 
retaining valve ; stands 48" bigb, 36" under the brancb, and is made to salt 4" flanged rising 
main and auction pipe — £13 4a. 



■Fig. 3 




Fig. 8; 



mr FDlCFt 70S SEEP WELLS, The tjpe illuatrated, Fig. 360 (No. 100), is euitable for 
well* varying from 27 to 100 ft. in depth. The worltin^i: baricl is 2 ft G in, long, accurately 
borod and fitted, is placed about 20 ft. from the bottom of the well, and is lupplied with 
18 ft. 6 in, of flanged cBst^iroQ Huotion pipe and atrainer. The suction pipea are uniformly about 
one-third less in diameter than tbe bore of tbe working barrel. The main pipe ie always j in, 
laigpr thftn the diameter of tbe working barrel, and tbe wood pomp rods vary in size acoording 
to tlie depth of the well. Tbe proportions given will ensure proper action if all tba parts 
nte properly fixed. The working barrels are u^e with orwitbont backet doore, but it is always 
desirable to bave ready means of access to the working parts so Ihat they may be easily examined 
or readjusted. 
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The pumps with 3 in. and 3} in. working barrels are the best sizes for wells varying from 
50 to 80 ft. deep, unless an exceptionally large supply of water is required, and the power is 
avulable to work larger barrels. The fluted pump-head or top is 36 in. high, and fitted with 
strong wrought-iron handle. For wells from 50 to 79 feet deep, the pump-head should be 4 ft. 
high ; and for wells 80 to 100 ft. deep, it should be 5 to 6 ft high, the extra charge for which 
ranges from 2«. 6d, to 12«. 

The subjoined list gives the price of deep-well pumps of various diameters complete for 
80 ft. deep, and including for each size 9 ft. of flanged main pipe, and wood rod, rendered 
impervious to the destructive action of the water, with iron foN^ed strap at each end, bored 
working barrel, 18 ft. 6 in. of flanged suction pipe and strainer, and the necessary bolts, nuts, 
and elastic washers for all the pipe joints; ready for fixing. 

The cost of pumps for greater depths can be easily ascertained by adding the extra cost per 
foot exceeding 30 ft deep. 



Diameter of working barrels in inches .. 


2i 


1 
3 3^ 


4 


H 


„ suction pipe „ 


H 


2 2i 


2i 


3 


Price, complete, for 30 ft deep . . 


£5 8 


£6 0£6 18 


£7 16 0£9 


Price extra per foot, exceeding 30 ft, fori 
main pipe and wood rods .. . . j 


2 6 


3 3 6 


3 9 4 

1 


Prioe extra if jitted with bucket door to^ 
working baJVel, each / 


11 


12 14 6 


18' 1 4 

j 


Prioe extra if working barrel is fitted with ) 
copper lining, each 


8 


9 10 6 


13 15 

1 



LIFT AND FOBOE PXTXPS, FOB WXLL8 FBOM Vt TO 70 FEET DEEP. Fig. 361 
(No. 301^ Y) is a pillar pump case 4 ft. high, fitted with vibrating motion, strong wronght-iron 
handle and rod, with connecting joints, pins, and 3 in. working barrel, 2 ft. 6 in. long, fitted with 
turned rod gland and stuffing-box, patent bucket and valves, elbow with retaining valve, or 
with air vessel, with clack door, &c, ; and for 30 ft. deep includes 9 ft of wood rod and iron 
forked straps, with connecting joint at each end, 18 fb. 6 in. of flanged suction pipe and strainer, 
12 ft. of flanged rising main pipe, bolts, nuts, and elastic wae^ers for all the pipe joints, ready 
for fixing. 

Price, complete for 30 ft. deep (exclusive of patent tap) £7 10 

Price, extra per foot for pipe rod and fittings, if exceeding 30 ft. . . 1 4 

Fig. 362 (No. 302 YV) is a similar pump except provided with fulcrum plate and plank for 
wall as shown. 

Price complete for 30 ft deep £8 2 

Price extra per foot for pipe rod and fittings, if exceeding 30 ft. .. 1 8 

LIFTAHD force pumps fob SEAIXOW AKD deep wells, Fig. 363 (No. 101). The 
pump-head stands 3 ft under the spout, has an extra large and strong flange at the bottom for 
bolting to the foundation, and is fitted with strong wrought-iron handles and vibrating links, 
the nozzle of spout is screwed to take a brass plug, which is used when the pump is required 
for forcing and is attached thereto by a strong tinned chain as shown. The rod is turned and 
works in a metallic gland and stuffing box placed Outside the cap, readily accessible, and the pump 
is supplied with flanged rising main pipe,^ in. larger in diameter than the bore of the barrel, wood 
pump rod, rendered impervious to the destructive action of the water, bored working barrel ; with 
tail piece, total length 3 ft., with bucket with sword joint, and brass coupling, clack valve, and 
doors for easy access to bot^ bucket and valve, 18 ft. of flanged suction pipe and strainer at the 
bottom of lower pipe, 6 in. long. 

The following list gives the price of these pumps complete, with 9 ft. of flanged rising main 
pipe and all accessories for a depth of 30 ft. 6 in. The extra cost of pumps for deeper wells 
can be ascertained from the additional cost .per foot exceeding 30 feet deep. 



n 



1* 
>» 



Diameter of working barrel in inches . . 

main pipe . . 

standard head 

„ suction pipe 

Price complete for 30 ft. deep 

„ extra per foot if exceeding 30ft. 6 in.*^ 

for main pipe with wood irod . . . . / 

Price extra if working barrels are lined! 

with copper j 



£9 




3 
3 

H 
18 

2 6 



8 



3 
3J 

^ 
2 

£10 10 


Si 

4 
4 

2i 
£11 14 


4 

H 
3 

£12 IS 


3 


3 6 


3 9 


9 


0. 10 6 


13 
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The whole of the pipes oan be easily bolted together, and all the bolts, nnts, and elastio 
washers necessary for fixing the pump in the well are supplied and included in the prices giveii 
for each pump. The side branch pipe, retaining valve, and air vessel and vertical pipe shown in 
the engraving are not included, these being required to suit special purposes. If these pumps 
are made with flanged branch, and the flange fitted with screw plug ready for attaching 
wrought-iron force pipe at any time, the additional price is 5«. 6d. 

Fig. 364 (No. 103) is a deep-well pump adapted for lifting purposes only, and discharging 
at the spout ; the parts below the ground line are exactly similar to Fig. 363 (No. 101). 



Diameter of working barrel in inches 

„ suction pipe „ 

Price complete for 30 ft. 6 in. deep 

„ extra per foot if exceeding 30 ft. 6 in 

„ „ if working barrel is lined with copper . . 



3 
2 

£7 10 
3 
9 



31 

£8 14 
3 6 
10 6 



. 4 
3 

£9 18 
3 9 
13 



Fig. 365 (No. 104) is suitable for wells not exceeding 27 ft. 6 in. deep, and, if fitted with 
retaining valve; will force 50 or 60 ft ; the working barrel is bored, and the forcing pipe taken 
below the ground line as shown. The prices given below are for pump with working barrel 
below ground line, fitted with side branch, bucket and valves, but exclusive of suction and 
branch pipes. 



Diameter of pump barrels in inches 
Price 



2* 
£7 4 



3 

£7 16 



3^ 

£8 8 



4 
£9 6 



Fittings fob Diassp-WELL Pumps only. 



Fig. 



369 



370 



366 



371 



367 
368 



No. 



85 

35L 

35XL 

360 

37 



Bore of Pmnp Tops and Working Barrels. (In Diam.) 2i 



38 



39 



40 



42B& 
44B 



Pump tops or cases, with fiuted beads and 
caps, unbored, fitted with strong wrought- 
iron handles, joints, pins, cotters, and 
piece rod for welding, 4 ft. 10 in. high, 

3 ft. under spout, each 

(Pump tops or cases, and caps, fiuted pattern | 
5 tL 9 in. high, 4 ft. under spout. Fitted i 
same as Fig. 369 (No. 35), each ' . . . . j 
Pump tops or cases and caps, fiuted pattern,! 
7 ft. 9 in. high, 6 ft. under spout. Fitted . 
same as Fig. 369'(No. 35), each 
Pump tops or cases and caps, unbored, 6 ft 
high 4 ft. under spout. Fitted same as 

Fig. 369 (No. 35), each 

Working barrels, fitted with parent buckets 
and conical valves, clack doors and tail 
pieces, with elastic packings, bolts, nuts, 
and wasliers (30 in. long). Proved to a 

great pressure, each 

'Working barrels (improved), fitted with 
two doors for easy access to bucket, and 
conical valve, bucket rod fitted with brass 
coupling joint, &c., to detach bucket; in 
other respects same as Fig. 366 (No. 37) 
(36 in. long). Proved to a great pressure, 

each - , 

(Working barrels, bored, unfitted, withj 
I tapered clack seat (24 in. long) to suit) 

vfidve (No. 42) ea«h ) 

Working barrels, bored, unfitted, with clack) 
door, and tapered clack seat (24 in. long), \ 

each I 

Improved brass buckets and valves, extra onl 
\ all fitted pumps or barrels, per set .. . . / 



8. d. 



29 030 



33 



8. d. 



H 



8. d. 



33 



36 



25 030 



36 



11 



42 



13 



18 021 



5 



7 



36 



50 6 



15 



25 



9 



8. d. 



36 



39 



50 6 



42 



4* 

8. d. 



43 6 



47 



57 



48 



60 



18 



28 



10 6 



72 



8. d. 



50 6 



55 6 



eq 



8. d. 



90 



60 



12 



84 



6 



15 



30 
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iTig, iiE& 

ANTI-TESEZnra APFAXATDS.— Auv of the 

pnmpa. Figs. 831 to 365, dewwibed ia the fore- 
going page» can be fitted with e, aimple airange- 
ment of valveB wbioti allows the water to eaoape 
from the working barrel ; this removes the inoot- 
voDience aometimea caneed b; the pump bnrsting 
during a severe frost. The apparatna has only 
recently been adapted to pnmpa with oonlml 
Talvea. The ooat trf thla improvement is given 
below, and the advantage of it will be appreciated 
by those who have had pampa penoanenti; injured 
by the effect of oold, but it is of conno a useless 
outlay if the pumps are required in warm 
climates. 



r Ann-VjiEEnsii Affabjiitb. 
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N»39 N«40 

Fig. 367. Fig. 368. Fig. 369. 



BSi 




Fig. 373. 

WROUGHT IRON TUBE 



H'^S 



CAST IRON rLANGCO PIPE 

Fig. 374. 




N«46 N»4 




^ 






N;4IA N«41B 




M0 4IP 





N«36 




N»48 



PIB 




N»37T 



N?47 N»47S 





N"33H 

Figs. 378 to 386. 



N»37W 
Figs. 387 to 390. 



UP33B N*44E N"36i 

Fig. 375. Fig. 376. Fig. 377. 





N^'eiC 







N2 42; 

Fig. 391. 



NnSlLL 




N*»7I 




N044 I 




re w 




Fig. 392. 



Figs. 393 to 397- 
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Fig. 



395 

396 
397 

372 
372 



No. 



— 61o. 

—72. 
—73. 

—42 B B. 
— 42 b V. 
— 44 c V. 



SUNDRY PUMP FITTINGS- Con«n««6L 



Iron screw clip joint for 1 J" or 2" rubber hoae, 4«. each. 

Gutta-percba unions, with braes clip, for rubber hose, with socket and 

spigot ends. Subject to special quotation. 
Best extra strong brass swiyel hose screw^ Subject to special quotation. 
Best extra strone: brass unions, squared and screwed to suit iron tube 

at one end. Subject to special quotation. 
Patent elastic rings for bucket shells (No. 42), from 4d, to U. 6d. 
Patent elastic washers for bucket valves (No. 42), from 2d. to lOd. 
PatSnt elastic washers for clack valves (No. 44), from 3d. to 1«. 



DOUBLE-ACTIKO FOJEtCE AND LIFT PXTXP.— ^hese 
pumps are exceedingly compact, strong, simple in action, and 
all the working parts are easily accessible. The pumps are 
fitted with gridiron valves and india-rubber discs arranged so 
that by removing one bolt the valve can be taken out and 
replaced ; the piston packings are double-oupped india-rubber, 
specially prepared for the ptirpose, so thisit the -pumps may be 
used for any chemicals which do not affect that substance, and 
their working is rarely interrupted by great changes in tem- 
perature, or:when t^ey remain unused for a long period in hot 
or cold climates. 

Being on the double action principle, viz — ^to raise water at 
both the up stroke and down stroke, one of these pumps is 
equal in capacity to two single-action pumps of the same 
diameter, whilst only one set of ^e&r is required to work it. 
They are adapted to work by hand, or they are fitted to portable 
and ships' engines and cranes, and being proportioned through- 
out for lifting and forcing, they are available for all ordinary 
purposes, whilst in an emergency they may be used as Fibs 
Engines, or for Ships' Pdmfs of the most powerful description. 

For several different arrangements of this pump, see Figs. 
291 to 296. : : 

These pumps are also arranged to work horizontally, feet being provided on their side for 
bolting to a bracket or base-plate, and such a pump may be seen in Fig. 296 on the side of a 
portable engine. Prices as below : — 

Prices op Double- Actinq Pcmp, Fig. 398. 




Fig. 398. 



Diameter of pump in inches 
DtroKO „ „ . . .-. 

Gallons per hour at 40 strokes per minute 
Price of pump with iron barrel . . 

„ „ ' brass-lined barrel ., 

Extra for standards, slings and guides .. 





3 






12 




1300 




£12 








14 








2 









4 

12 

2500 

£13 

16 

3 



6 

12 

5200 

£21 

25 

4 



8 

14 

11,500 

£30 

34 

5 



DEEP- WELL LIFT AND FORCE PITMPS, Figs. 399, 400, and 401, are engravings of brass 
barrel pumps without doors for examination of valves, and available for wells not exceeding 
70 feet in depth. The barrels are accurately bored, the valves and bucket are brass ; each 
pump has a retaining valve in addition to the bucket valve. The annexed prices include 
glands, stuffing boxes, iron bow or cotter lor attaching (copper) pump rod to well rods, but no 
suction or delivery pipes. Prices of the latter will be found on pages 148 to 154. 

;Pbices op Brass Deep-Well Pumps, Figs. 399 to 401. 



Diameter of. barrels in inches . . 
Price of single-barrel pump, Fig. 399 . . 

double „ „ 400 ,. 

treble „ „ 401 .. 






1* 



2i 


3 


^ 


4 


4i 


£4 


£5 


£6 


£7 


£10 


8 10 


10 10 


12 10 


14 


20 


14 10 


16 5 


19 10 


22 


27 
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DEEP- WELL FUHPS, Fig. 402, are made with sino^Ie, donble or treble barrels, and are 
suitable for wells of any reasonable depth. All the barrels can be had either in brass or iron 
(prices of both will be found below), they are strengthened at the top and bottom by the 
flanges, and in the centre by an ornamental beading, and are accurately bored to the specified 
diameters. The bottom casting is arranged to carry all the foot Yaly;e seats, and has doors in it 
for the examination and repair of valves ; it has a wide flange on each side to rest on the well 
stages, and bolt holes are provided in these for fixing the pumps. The suction pipes, if more 
than one, are all connected in the bottom casting, and run into one large central pipe, having a 
faced flange ready for connecting up to the suction pipes ; the deliveries also run into one rising 
main, a retaining valve being usually provided at the bottom of this pipe carried in a casting 
with door for examination of valve. These pumps can be fitted with cast-it-on frames for the 
top of well, with cranks, connecting-mds, slings and guides, and arranged to be driven by 
hand, horse, or steam power (see Figs. 298 and 299). The annexed prices include all necessary 
valves, buckets and rods, gun-met^ glands, iron bows or cotters ready for attaching to the 
well rods, and suitable retaining or foot valve. For prices of pipes, &c., suitable for these 
pumps, see page 153. 

Pbioes op Deef-Well Pumps, Fig. 402. 



• 

Diameter of barrels in inches .. 


24 


3 


3^ 


4 


5 


6 


Price of single iron barrel pump 


m 10 


£7 5 


£8 10 


£10 


£14 5 


£17 10 


„ double „ 


10 10 


11 10 


13 10 


14 15 


21 10 


30 


„ treble „ 


16 10 


18 


20 


26 10 


35 


48. 


Price of single brass barrel pump 


7 


8 


10 


12 


18 


22 


,, double „ 


12 


15 


18 


20 


32 


42 


,, treble „ 


18 


22 


25 


32 


46 


70 


Extra for cast-iron air vessel .. 


1 5 


1 10 


2 10 


3 10 


5 


6 10 



If intended to pump hot liquor the prices are slightly increased. 

PUHPS 70B PETBOLETTH WELLS are usually from 2 to 3 in. diameter, and have a stroke 
of about 5 ft. ; the barrels are made of brass and fitted with the necessary valves, and cast-iron 
heads, with covers and stuffing boxes ; the bore pipes are ocrewed with fiush joints, and tubular 
rods are supplied to reach from the surface to the pumps. The head -gear consists of a T or bob 
lever strengthened with wrought-iron tension bars and fitted with gudgeon and pedestals; 
wrought-iron connecting rod and guide, and wrought-iron joints for the sweep rods and 
balance weiifhts. 

Hitherto steam power has rarely been used for well-sinking ; but experience shows that a very 
large saving is obteined both in time and cost of sinking if steam power is judiciously employed. 
Engines are now employed which can be used for the boring tools whilst the well is being sunk 
and for driving the oil pumps after the well is completed ; if it be not necessary to drive the pumps 
by steam power, the engine can be employed for working any other kind of machinery, such as 
a pile-driver, hoist, &c. The cost of an engine complete with its own boiler is about £250. The 
cost of boring tools will be found on pp. Ill and 112. Pumps of this kind are required for use under 
such widely difi^^ring conditions that it would be impossible to fix a scale of prices which should 
be correct under all circumstances, but the following will serve as a basis on which the cost of 
such pumps may be estimated, and the prices will vary to only a comparatively limited extent, 
sufficient to cover the cost of such modifications as may be required to fulfil local conditions. 

The following list includes the head-gear described above : — 

Pbices of Pomps for Petroleum Wells. 



Internal diameter of pump barrels in inches 


2 


^ 


3 


Price for a depth of 200 feet 


£85 


£100 


£110 


„ „ 300 „ ., ,. 


105 


120 


135 


„ „ 400 ., 


125 * 


145 


160 0' 


„ ,, 500 „ .. .. 


140 


175 


185 


„ „ 600 „ 


160 


185 ^ 


215 


« . M 700 , 


175 


205 


240 . 



A set of horse gear with pulley or intermediate gearing costs from £25 to £40, according to 
the depth of the well. Packing for shipment about 5 per ct-nt. 
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BTORWAXE TOBOS PHlCFfl. 

Fig. 403. The working parta are 
composed entirely of gtoneware. 
Mid oongeqaeutly are admirably 
adapted foTpnmping acids, bleach, 
aikalies, Tinegar, or any liquid 
which acta injurioOBly on metala. 
The valves, valTc-BeaU, plunger, 
and other partioiu which have 
to flt, are aocurately ground and 
fitted, and the pump may be 
arranged to be worked by hand 
or by steam power; the gland is 
usually packed with aabestos. In 
the eagraving the joints of the 
pump are shown as flanged with 
ordinary holts paasiiig through 
them ; the flanges ate very thick 
and strong, but it is poBsibU (or 
a clumsy workoiao to break ibetn 
by screwing the bolts uptoo tiglit . 
To avoid incoiiTenieuce from Uiis 
cause the pumps are sometimes 
made with an improved form of 
oonnections, giving increased 
strength. This is done by re- 
placing the flanges by collars 
moch smaller in diameter than 
the fliingeB (oousoqnentlj juuch 
stronger) and puUing them lO' 
gether by means of wrought- 
iron rings in halve*, and bolts 
and Dute. The connection can 
be made with spigot ends for 
taking ordiuary stoneware socket 
piping. The price of suction and 
Uditery pipta is given below. 

The subjoined prices include 
bolts, nuts, asbestos packing. 
ieja, and india-rubber rings for 



Fig. 403. 

Ab thfse pumps are treqnently used fur raising thick or viscid liquids, the duty in gallons 
|>erhonr is given for an assumed speed of 20 slrokes par minute; but for pnmping water or 
aimilar liqnida, the speed of working may be mnch higher, in some oaaes nearly double. If tlie 
pump ia worked by power, and is required to deliver variable quantities with a eonstaut speed 
of driving abaft, the disc plate is flited with a crank pin whicti can be adjusted to alter the 
stroke of tbe pump to the duty required from it ; or, if mote convenient, the speed of working 
ma/ be reduced by cone polleys. 

Fbicbs of Ixpboved Stonewabb Pomps, Fig. 403. 



Diameter of bore in inches 

Length of stroke in „ 

Approximate gillons delivered per hour 

Price of pumps complete 



H 


2 


3 


i 


6 


6 


8 


10 


121 


1^ 


44 


100 








£3 8 


£4 7 


£5 17 6 


£7 3 


£3 14 



Pbicss ca Stoskwabb Pipm sditabui fob 


PrMP. Fig. 403 






Diuneter of bore in inches 

Price of 2 feet length 


3/G 


2 

4/- 


3 

6/- 


* 



Packing costs about 71per cc 
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PEBBXAUX'S PATENT PUHP8 AND YALYSB, Figs. 404 and 405. Fig. 404 shows a 
solid vulcanized india-rubber foot volye for ordinary atmospheric lifts, suitable for house, 
garden, street, or ttgricultural pumps. The valves are adapted for pumping ordinary water, but 
they are specially employed for those liquids which destroy metals. The action of the valves 
possesses some advantage over the ordinary lift or clack valves, their natural elasticity causing 
them to shut very quickly, so that there is little or no loss from slip on the return stroke ; they 
are also very durable Two strengths of these valves are made. No. 1 are suitable for low 
lifts, and No. 2 for high lifts and pressures such as in force or feed pumps. An improved form 
of this valve is made with three lips, and the prices are rather higher than the subjoined. 

Pbioes of Patent India-bubbeb Foot Valves, Fig. 404. 

No, 1 Strength. 



Diameter of pump in inches 

Price, each 


2i 
3/6 


3 

5/- 


3i 

7/6 


4 4^ 

10/6 14/- 


5 

18/- 


6 

24/- 


7 ' 
36/- 


8 

48/- 





No. 2 Str&ngtlt. 
















Diameter of pump in inches 1} 
Price, each '-/6 


1* 

1/- 


If 2 

1/6 2/- 


2i 

3/- 


2i 


2f 

5/- 


3 

6/- 


3i 3J 

7/6 9/- 


3i 4 
10/6 12/- 



Fig. 405 shows the form of the bucket valve used in conjunction with the foot valve, 
Fig. 404. It is so designed that, in addition to being a bucket valve, it forms a cup to keep the 
bucket tight in the barreU These valves should not fit too tightly in the barrel, and the best 
way of accurately determining the size of the barrel in reference to tlie valve is to caliper the 
cup of the valve half-way up and make the barrel correspond to the dimension so obtained. 
The mounting shown in the engraving consists of brass rings with bow carrying a boss at the 
top tapped for the bucket rod. Prices will be found for the valves only and for the bucket 
complete : — 

Pbioes of Buckets and India-bubbeb Valves, Fig. 405. 



Diameter of pump in inches 

Price of valve only 

Price of bucket complete . . 






2J 


3 


8i 


4 


5 


6 


5/- 


6/- 


8/- 


12/- 


18/- 


28/- 


10/- 


12/- 


15/- 


20/- 


30/- 


45/- 



GLASS BABBEL PUHPS. The pump. Fig. 406, is used in breweries for raising hot wort, 
in gas works tor ammoniaccd liquor, in tan yards for tan liquor, in drainage works or farms for 
sewage, in paper mills for paper pulp and bleach, and in chemical works for strong acids, &c. 
It is also applicable to pump pure or dirty water. To suit tlie various circumstances under 
which it has to work, the mountings of the ^ump are made either of oast-iron, lead, or gun metal, 
whichever may be best suited to the liquor to be dealt with. The working barrel is made of 
the best plate glass, accurately bored out by machinery and highly polished, and owing to the 
hardness of the material its durability is very great. The. mountings are of a neat pattern, 
arranged with flanges for coupling up to the suction and delivery pipes, and are held together 
by wruught-iron screwed bolts or stretchers, with double nuts at each end. The valves are 
solid india-rubber of the forms shown in Figs. 404 and 405. When it is intended to pump hot 
liquids it will be necessary to place the pump below the liauor, otherwise the steam evolved will 
prevent the creation of a vacuum in the cylinder. For thm liquids the pumpn may be run at a 
high speed, but for dealing with thick fluids it is advisable to sidopt a low speed. 

The manner in which the foot and bucket valves are fixed is so clearly shown in the 
engravings, that further explanation is scarcely necessary ; it may be observed, however, that 
in fixing the foot valve the bolts should not be screwed up too tightly on to tlie india-rubber 
flange, a water-tight joint being all that is required ; any pressure beyond this is detrimental 
to tlie action of the valve, and has a tendency to keep the lips from closing. When the valve 
is fixed it should be examined to see that the lips close of themselves, otherwise an unnecessary 
quantity of water will be lost by slip on the return stroke of the bucket. It may also be noted 
that the orifice of the pipe immediately below the valve should not be larger than the area of 
the roundway valve. Tiie corners of the flanges which fasten the valve should be rounded off 
so as not to cut the india-rubber. When the liquid is to be raised a considerable height it will 
be bettor to fix a retaining valve in the rising main. 
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Pbiceb of pBRRBAtix's Fatbnt Pc)o«, Fig. 406. 



Diametei' of pomp in inches 
Price with caat-ir 
Price with lead 
Price witli gnn-metal 



s 


n 






£6 


£10 


£12 


£9 


£12 


£15 


£IH 


£12 


£16 


£20 


£2i 







PEticea 


F Glass Puhf Babbklb. 








Di&meter i 
Length in 
Price .. 


nches '.'. 






3 

12 
81/6 


43/- 


4 

le 

50/- 


5 
17 

74/6 


6 
18 
M/6 











oarefullj pat^-d, and the ccat of this i^ 10 per (x 
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PLimOEB PDIIF, Fig. 407, ia availtiUe for » nombei' of mannfactaring pniposeg at gas 
workfs &o., and is proportioned tfaroughoat for lerj beBv; presanreH or high lifU. Theee pompe 
are conetructed of variouB metaU, accordiQg to the liquids to be dealt wilh; tlina the; are made 
entirely of cost iron, or with cast-iron 
boted barrel and glared and gun-metal 
valvcB and plunj^Kr, or entire]; of gim- 
metal excepting bolts and nuts and oon- 
necting-rod, Hbtoh are invariably iriong^t 
iron. Tbe connecting-rods are sometimes 
made with sliding qnilla and cotters, so 
tbat the pump ma; be stopped without 
stopping tlie driving shaft. The pomps 
are usnallj worked b; cronka or eccentrics 
on a line of shafting placed direct); above 
them, or by a disc plate and crank pin on 
the end of a shaft: but they can be easily 
arranged to work by hand. The valves 
used are either ball valves, wing valves, 
or Appleby's patent conical valves, as may 
be ptofened; whatever form of valve is 
adouted the valve boxes are provided 
with covers for eiamining or replacing 
tlie valves. The outlets of tbe pump are 
sbown in the engraving as screwed for 
wrongbt-iroD suction and delive^ pipes; 
the; can, however, be made for mutges if 
deaired. and in fact in tbe larger sizes tbe 
ktter form of ontlet is invariably adopted. 
The pnmps can either be mounted on B 
casL-ii-on base, with lugs for filing to a 
floor or timber base, the cost being corre- 
spoDdingly above list prioea. which are 
simply lor the pump, as shown in tbe 
engraving, and do not include base, 
connecting-rod. or uuy suction or deliver; 
pipes. The cost of snitable air vessels ia 
given in the list, and it will sometimes 
be found advisably to have one on both 
suction and deliver; pipes, also when the 
pump is to be used for ver; high lifts to 
place an extra retaining valve in the 
rising main. The speed . at which the 
pump is driven shonid depend upon the 
nature of the liquid to be raised ; if it is 
for thin Quids it may be run at 40 or even 
60 strokes per minute, whilst for thick 
liquids 20 or 30 strokes per minute will 
be quite fast enough. If the pump ia 
3sn be Bttaii>ed by reducing or increasing 
ore convenient to keep tbe speed uniform, 
with an adjustable crank pin, b; means (^ 



vig.4m. 



required to deliver variable ijuantitiea, this object 
the speed of the pump, but it is generally found n 
and drive the pump, by a disc plate or crank am 
which tlie stroke of the pump ciin be altered at pleasure. 
Pumps of this type are frequently used at gas works, 
manner to the double action pumps. Fig. 295; one of 
water, another ammoniacal liquor, and the third for tar. 

Prices of PLOBaEn Pump, Fig. 407. 



Price, entirely of cast iron . . 
„ witli braas plunger and val v 
„ entirely of gun metal 
„ of suitiible air vessel 







a 


2i 


2! 


3 


£4 


£1 10 


£5 












£0 10 


£7 10 










£9 


£10 






£1 


£1 5 


£1 10 


£1 15 







pHcking for shipment will cost about 6 per ci 
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BOBX-HOLX PUMP, Pig. 40S. ihowa the now TCell-hnown bore pipe and pomp naed for 
obUtP.ing water trom a coDBiderable depth without tha loaa of time ana great expense mvolred 
in sinkioi; a well in the ardinaiy miuilier. 

The bore hole U m&de at a oompani- 
tivel; Bniall coat to an; deptli np to about 
300 feet below the Bnrfaoe, and when Iha 
water-bearing stiala is reaahed, the bore 
ia driven through the strata, iaelead of (as 
in the ordinaiy practice of well-siukiDg). 
jmt dotea to the tprirtg. By this means 
a large supply of water ia obtained, and 
KeneuUy the qaalit; is superior to that 
taken from the suriace of the stra'a. 

- When the bore hole has been made to 
the required depth, the pipes and pnlnp 
are lowered into place, and the pump ia 
then read; foi work. 

The auction pipe is of wrought iron, 
about 12 feet long, and tjie upper end is 
screwed to the lower end of a gun-metal 
pump barrel. Die upper end of wliiuh 
is ietured in a Bimilar manner to tlie 
wroughl^iron rising main pipe. The joints 
of this rising main pipe are flush inside 
and out, aud the pnmp rods are in all 
""" 'ength as the pipes, bo that 

and rod can at any " 
idded without aJterin^ 
position of Ihc bocliet in the pump barrel. 

The pump rods are either screwed 
together or made with halving-joints and 
brass sockets, and the Buoceasive lengths of 
rod and main are connected together, and 
lowerod until the required depth is reached. 

If tlie water has to be forced above the 
snrfooe, the lop of the ridug main is fitted 
with B stufBug box and ellKtw piece aa 
shown, but if the water has to be delivered 
at the surface, an ordinary pump he&d is 
used. The top gear can, however, be 
fitted to work by hand, st«ain, or horsa 
power, as required. 

To estimale the cost of a complete set 
r>f bote pipes and pump it is necessary to 
know the probable depth at which the 
water will be reached, the height to which 
it is to be delivered, and the qnaotiW 
required in a given time. The coet of put- 
ling down the bore pipe depends greatly 
on the geological fiinuations to be passed 
tLrongh. 

The cost of these pumps is about the 
same as petroleum pumps, which is given 
at page 102. 

lUnetrations and prices of the tools 
required for driving small bore pipes for 
shallow wells will be found on the follow- 
ing pages, together with a full deecriptioa 
of the manner in which they are used ; 
but when large sizes or great depths are 
necessary, boring tools of the kind illus- 
trated, Fig. 413, will have to be resorted 
to. l<ktin:iBle8 for complete sets of such 
tools for various depths of bore holes and 
prices of bore pipes are given ir 
with the engravings referred U 
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PATENT TITHE WELL AND DEIVINO AFPAEATirS, Figs 409 to 412. By this system 
water can be obtained in all cases where the ordinary prooesbos of well sinking or boring would 
be successful, and in many cases where those processes 
would fail — such, for instance, as in quicksand, &o. If a 
large supply of water is wanted, a number of lubes are 
driven into the ground till they reach the water-bearing 
strata, and are coupled together' at the top and connected 
to a large pump, so that an almost unlimited supply can 
be obtained. The great eiise and speed with which these 
wells are put into operation will recommend them where 
a temporary supply is required, or where time and first 
cost is an object of importance. 

Pumps of this cIhss were extremely useful in the 
Abyssinian War, the Darfur, and many other ex^iedi- 
tions ; indeed, taking into consideration now greatly the 
success of an expedition depends on sanitary conditions, 
and how much the latter depend upon the water supply, 
there can be no dtmbt as to the value of sucli appliances. 
The easy manner in which the pipes are driven a^id the 
pumps fixed, and the simplicity and non-h'ability to 
derangement of the pumps, render the system specially 
adapted for rough usage. 

When the wuter does not rise to within 25 feet from 
the surface, the working barrel and fi>ot valve must be 
iixed below the surface within 10 or 20 feet of the 
water ; the arrangement of these parts are then similar 
to that illustrated by Fig. 408, but the upper part of the 
apparatus might remain as shown in Fig. 409. In some 
valleys the conformation of the watei -bearing strata is 
such that water may be obtained by simply driving a 
tube down to the strata, and without the assistance of 
a pump, a valve being affixed to the top of the tul)e 
regulates the supply, thid forms a very simple and inex- 
pensive Artesian well. 

DBIYING AFPAEATU8. On the next page will be 
found engravings illustmting the tools employed in 
fixing the tube wells. Fig. 410 shows the tube ready 
tor diiving, the sharp point below the perforations 
forming the suction strainer is resting on the ground; 
D is a clip bolted very tightly on the pipe A ; is a 
cast-iron ram or monkey, and by giving repeated blows 
with this monkey on the clip the tube is driven down 
till the clip reaches the ground ; the clip is then moved 
higher up, and the operation repeated until the required ■ 
depth is reached, additional lengths of pipe being screwed 
on from the top. The sharp point on the end of the pipe 
is made of tempered steel, which enables it to be driven 
through very hard strata. The pipe is steadied and kept 
upright by means of a tripod similar to that siiown in 
Fig. 412. It frequently happens tliat a good deal of 
loose gravel and sand is met in the water-bearing 
strata ; in such cases a special pump is used, called a 
cleansing pump, until the water pump is clear; or if 
the perforations at the bottom of the tube get choked, 
it is sometinjes necessary to force a little water down 
the tube to clear them ; the use of either the cleansing 
or force pump results in the formation of a small space 
or reservoir round the bottom of the tube, as shown in 
Fig. 411. In driving large tubes the reaction of the 
tubes under the action of tlio monkey is such that it is 
necessary to hold them down ; this is efie ted by the 
apparatus shown in Fig. 412, which consists of a cross- 
head held in place on the top of the tube, to each end 
of this is fixed a species of accunmhit ^r, conuisting of a 
top and bottom scries of triangular plates bolted through Fig, 409. 
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and kept about half an inch apart. These plates are connected b; Birong india-rnhher banda. 
Chains pass from these accumalatora to a crab, and a tuni or so of the orab baodle pnta a 
steady preaaure of 5 to 20 tons on the tube, as may be required. This pressure yields to the 
blow ot the monkey and all rebound is avoided. 

When no water in found or when the supply is no longer required, the tube raay be ensily 
withdrawn. It is stated that the tube fits so tightly in the ground that surface water or sewage 
cannot find its way down to the perforated end of the suction pipe. 

To estimate the cost of any plant of tliis app.iratus, differing from those in the subjoined list, 
it is naceasury and useful to Imow at what depth it is espected to find water, what supply of 
water per hour is required, and what is the nature of the stiata through which the tube will 
have to pass. 



f Patbst TiBE Wbi.u 



D PcMPS, Figs. 409 to 412. 



Internal diameter of tube well in inchea 
Price of tube and pump. Fig. 409 or 411, for a\ 

depth of 30 feet ) 

Price of driving apparatus complete . . 

H spare pipe per foot 


n 

£7 
£20 ,0 

3/6 


2 

£11 
£32 

5/6 


S 

£20 

£81) 0- 

10/G 



Tiie cost of sand tubes is £2 5s. 
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PUMPING MACHINERY.— Section 3. 11 1 

BOBIHG TOOLS, Fig. 413, for well sinking, testing ground, &c., consisting of-- 

1.— Well Bod, nsnal loDgth 10 feet. 

2. — ^Worm Auger. 

3. — Open Auger, for clay. 

4. — Flat Chisel, for stone or flint. 

5. — Spring Dart, to draw faulty pipes from the bore hole. 

6. — Ditto ditto, for smaller pipes. 

7. — ^Bell Screw, for withdrawing broken rods. 

8.— Bell Box, for ditto. 

9. — Auger Nc»se Shell, with valve for loose soil or sand. 
10. — Flat Nose Shell, for similar purposes. 
11. — Shoe Nose SheU, for harder ground. 
12. — Hand Dog, for screwing and unscrewing the rods. 
13. — Pipe Clams, or Bests. 
14. — T-Ohisel, for flint or stone. 

15. — ^Wad Hook, for withdrawing stones, &c., which may fall into the bore hole. 
16. — Spiral Angular Worm for withdrawing broken rods. 
17. — 'Diamond or Drill- pointed Chisel, for hard ground. 
18. — Lifting Dog, for raising and lowering the rods. 
19. — ^Long Pipe Clams or Bests. 
20. — Tillers or Levers for turning the rods. 
21. — Wrought-iron Screwed Well Bore Pipe. 
22.— Short Bod, with Swivel Head. 

23. — Crow's Foot for extracting the broken rods from bore hole. 
24. — Pair of Well Bod Joints ready to shut up for greater lengths. 
25. — Pipe Tongs or Heaters for making joints in pipes. 
26. — T-piece or Pipe Dog for lowering the pipes. 
27. — Brazed and Collared Pipe, with water-tight soldered joints. 
28. — Common Bivetted Pipe, strong make. 

29. — Spring Hook to be attached to Well Bope for raising tools, &c. 
SO. — ^Windlass complete, for Boring or Sinking. 
81.— Strong Well Sinking Bucket. 

The operation of deep well boring is frequently beset with many difficulties, and many kinds 
of tools have been designed to meet the varying circumstances under which they have to work ; 
but those in general use are enumerated al>ove and illustrated on the preceding page. To esti- 
mate closely the cost of a set of tools necessary to make any particular well, it is necessary to 
have as much information as possible on the following points : firstly, the depth and diameter 
of the bore hole — ^the hole is usually taper from top to bottom ; secondly, the nature of the strata 
through which the tools will have to pass ; thirdly, the purpose for which the bore hole is 
required — whether for Artesian well for supply of water or for testing the nature of the ground, 
for foundations of buildings, bridges, piers, &c., or for prospecting for minerals. The following 
estimates will, however, probi^ly be usefol in calculating the probable cost of any set of tools 
for use under ordinary conditions : — 

No. 1. — ^Estimate for a set of trial boring tools for a depth of 40 feet: — 

Eight 6-feet boring rods 1 inch square ; three augers, one each 4. 3, and 2} inch diameter ; 
three chisels, one each 4, 3, and 2} inch ; one 3-inch shoe nose shell ; one 2} inch, flat bottom 
ditto ; one pair of tiUers ; two lifting dogs ; two hand dogs ; one auger board ; and one auger 
clearer. The cost of this set of tools is £27 108. 

No. 2.— Estimate for a set of boring tools for a depth of 100 feet : — 

Nine 10-feet boring rods 1 inch square ; one 6 feet ditto ; and one 5 feet ditto, with swivel 
head ; four augers, one each 6, 5, 4, and 8 inch diameter ; five chisels, one each 6, 5, 4, 3, and 
2} inch ; three shoe nose shells, one each 5, 4, and 3 inch ; one flat bottom shell, 2} inch ; one 
pair of tillers, two lifting dogs, two hand dogs, one auger board, and one auger dearer. The 
cost of this set of tools is £51. 

No. 8. — ^Estimate for a set of borino: tools for 150 feet : — 

With the same bottom tools as for No. 2 set, but with the addition of five 10-feet lengths to 
the rods. The price is £57. 

No. 4. — ^Estimate for a set of boring tools for a depth of 200 feet : — 

With the same bottom tools as No. 2 set, but with the necessary length of ]} square rods 
The price is £75. 

jfo. 5. — ^Estimate for a set of boring tools for a depth of 300 feet : — 

With the same bottom tools as No. 2 set, but mih. the necessary length of 1} square rods. 
The price is £92. 

No. 6. — Estimate for a set of of boring tools for a depth of 500 feet : — 

Ten 13-feet boring rods IJ inch square, with 1 J inch screw joints ; twenty 10-feet rods 
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1^ inch square, with 1^ inch aorew joints ; twenty ditto If inch square, with If inch screw 
joints ; two sliort rods, with swivel heads, one each 1} and If inch ; and one 10-feet reducing 
rod, from If to 1} inch ; five augers, one each 8^, 7^, 6}, H* ^^^ ^i i^^^ : ^^^ <^^06 ^<>S6 shells, 
7i« ^if 5i, 4^, and 8} inf*h; five flat chisels, one each 8^, 7^, 6}, 5^, and •!} inch; five 
T-chisels, one each 8^, 7}, 6^, 5 J, and 4^ inch; three lifting dogs, one each If, 1}, and 1} inch ; 
three hand dogs, one each If, 1}, and 1^ inch; two pairs of tillers or levers ; one large snatch 
block ; one crow's fuet ; one bell box ; two worm augers ; two auger boards ; two auger clearers ; 
one strong spring hook, with 30 feet of best white rope ; twelve square male screws, six eacli 
If and if inch ; six spare tiller screws ; and one spring dart. The cost of this set of tools 
is £245. 

One set of ironwork for shear legd. Price £3 1 Os. 

One strong single purchase iron-bound crab windlass, with barrel 4 feet 10 inches long, for 
deep boring, £45. Smaller windlasses from £10. 

Four T-pieces for lowering pipes, one each 8, 7, 6, and 5 inch. Price £24. 

No. 7. — tfistimate for a set of boring tools for a depth of 6Q0 feet ; — 

With the same bottom tools, &o^ as for No. 6 set, bnt with the addition of ten 10-feet 
lengths of rods, five each 1^ and 1} inch, all with 1} inch screw joints. Price £270. 

Shear legs, windlass, T-pieces, clams, and pipe tongs same as in estimate No. 6. 

No. 8. — ^Estimate for a set of boring tools lor a depth of 600 feet : — 

With all the tools and rods same as No. 7, but with the addition of two augers, two flat 
chisels, and two T-chisels, one each 12 and 10 inch; two shoe nose shells, one each 11 and 
9 inch. These tools are often required for such g^reat depths. Price £325. 

The following list gives the prices of pipes suitable for casing the bore holes ; the pipes are 
wrought-iron, and are usually made in 9 or 12 feet lengths. 

Prices op Wrought-Ibon Bobe Pipes. 



Outside diameter in inches .. 
Thickness Bm, wire gauge . . 
Price of best brazed andj 
collared pipe per foot . . / 
Price of rivetted „ 
Steel collars and shoes, each 



3 
15 


4 
14 


5 
14 


6 
12 


7 
12 


8 
12 


9 
12 


10 
10 


11 
10 


1 

12 i 

10 




4/3 


5/5 


6/6 


7/6 


8/9 


10/- 


11/- 


12/6 


13/6 


18/6 




3/4 
12/- 


4/6 
14/- 


5/9 
17/6 


7/- 
23/- 


.8/2 
32/- 


9/4 
46/- 


JO/6 
63/6 


13/6 
81/0 


15/6 
98/- 


17/3 
110/- 





Subjoined is a list of the prices of welded wrought-iron pipes, suitable for bore pipps or bore 
pumps (see Figs. 408 to 412), with screwed joints flush inside and out, in lengths of 10 feet. 

Prices of Welded Wrocght-Iron Bore Hole Pipes. 



Outside diam. in inches 


2J 


2f 


3 


3i 


3^ 


3f 


4 


4J- 


4J 


5 


5J 


6 


eh 


7 


Thickness Bm, wire gauge 


U 


11 


11 


10 


10 


10 


9 


9 


9 


8 


7 


7 


7 


7 


Price per foot .. 


1/4 


1/5 1/7 


1/11 


2/12/2 


2/7 


2/11 3/1 


4/1 


5/- 


5/9 


5/9 


7/7 



If preferred, cast-iron bore pipes can be used, made with flush joints, wrought-iron collars, 
and countersunk screws, but they are heavier and more expensive. A special class of i<3pl has 
to be employed for very deep bore holes when the bottom is approached. To jump a thousand 
feet of rod with the tool at the end of it, even though the rod should be partially counter- 
balanced, has a very disastrous effect on the joints, therefore special tools have been designed 
with a self-acting clutch, in such a manner that the tool only (not the rod with it) drops. Such 
tools have been successfully employed in the boring of very deep^ Artesian wells in Paris and its 
vicinitv. The Artesian well at Grenejle, in Paris, which took eight years to complete, attained 
a depth of about 1,800 feet before reaching water, whilst some wells on the Continent have been 
bored even a thousand feet deeper, mostly of small diameters ; but at Passy, after, much 
difiiculty, extending over a period of 6f years, and at a cost of forty thousand pounds, a well' 
was driven reaching the water about 1,914 feet from the surface. The diameter at the bottom 
is 2 feet 4 inches. This well delivers 3,795,000 gallons of water a day. The tools used in this 
instance were of a very special nature : a heavy trepan, weighing about 36 cwts., and carrying a 
number of steel chisels on its face, was lifted by means of a beam engine and allowed to £aU on 
the rock to be cut away. 

An excellent machine for use with boxing tools for prospecting for minerals or testing for 
water before undertaking larger borings, will be found on reference to Fig. 210, Section 2. 
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THl DOWKTOir EOTABT BHIFB FOXP OS TOffl SWOnH Fig. Hi, genemUy used 
for manj year* part by H. M. Navy and in the Marohaxit Service, is made prindjttilly of gun- 
metal. A treble crank worka three buckets, rods, and elidee, and tlio auction plate and " goose 
nock " are BO arranged that water may bo drawn from the a«a or [torn any one of aix comport- 
menta. The pnmp is supplied witb a heavy fly-wheel and wroaght-iron handles, as shown in 
the engraving, aud may be drivw by maunal power or by a mesaengei chain fh»n the elettfa 
winch or donkey eLgino, 



Fig. 414. 

F DOWSTOS ROTABT PUMPg, Fig. 414. 



Diameter of ptunpa in inches .. 
Delivera gallons per hour .. 
Price without BHction plate .. 
„ of suction plate for 6 compaxtl 

Weight c^plet^'abontowts. " 
Diameter of auction and deUvery hose) 
in inches „ > 


4) 
2000 
£22 
£5 15 
3 
H 


5 

2500 
£26 10 
£9 5 
Si 

n 


si. 

£30 

£9 S 

4 

2i 


6 

3900 
£35 
£9 5 

21 


7 
5000 
£40 
£9 5 
C 
2J 



THE KAVT SOTAST PUHF is similar externally to Fig. 414, but improvements have been 
made fai the internal conatruotion, and as wiU be seen from the subjoined lists, the duty is 
higher than that or the Downton punip. The suction plate as usually siyiplied is arranged for 
drawing from the sea or irom any of three couipartmenta. The cost of b chain wheel for » 

iT chain ibr either of the pumps is from £1 I0«. to £2 10«. 

ParcES OP THE Nati Eotaby Pdmp. 



Diameter of pump in inches .. 

Price witbont snction plate .. 

„ of suction plate for 3 compartments 
Weight oomplet^ about owta. 
Diameter of suction in inches 
delivery hose „ 




£22 
£5 


4i 
4000 
£28 
£6 5 

1 


5) 
6500 
£38 
£S 15 
5 
3 

2i 


7 
10,000 
£49 
£16 5 

7 
4 
SJ 
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MRtn FUXP AID Fiai miRS, Fig. 415, have dduble gtui-metal bureb, aod'are 

•rrauged with donblo le»er handles, with cross bars fOr a Dumber of men to work at. They ara 
bolted flown to a strong timber base, and, if desired, are protected by a wooden case, the ends 
of which fold np when not in nae, and form a box to coDlain hoae, implements, fto. ; this iHsarea 
the hose, Ao., being at hand when reqairod. The prioes below include a braooh and jet-pipes, 
a rose jet, a wroiii£, and a soction aUainer. 



Pbices o» Bhif»' PniiPS. Fig. 415 










Nnmber of men required to work pump 

Price of pump without case 

Price of pump with case 


2 1 4 
£7 10 1 £D 


G 
£11 


e 

£13 


12 

£18 
£20 


IG 1 

£■22 , 
£25 



nail; costs about 5 per cent. 



Pig, 415. 

The following gent aa spare partgforahipa' pnicpB reudera (hero more complete and reliable; 
and ak the very existence of the ship nay depend upon the pump being in thotoogb working 
order. It is ift every sense desirable that such a supply of spare parts should be provided, as 
will ensore efficient actiou if the contingency ahould arise that the pumps have to be uaed. 
The prices in the following list are for gear snitable for 5 or 6 inch pumps, wliioh are woiked 
)>y from 12 to IS- men when doing full duty :~ 

1 Gun-metal elbow with screw for auction licfie ... .r- £0.18 6 

12 Suction hose washers .. .. .. .. .. ..046 

1 Extra ooppor branch pipe .. .. .. .. .. 16 

S Gnn-metal nozzles 12 6 

1 Spreading jet 16 ' 

1 Copper goose-neck 16 

S Spanners for bolts 10 

2 Hooks for hanling pnmps 040 

12 Spare delivery hose washers .. ., .. .. ..040 

2 Spare oup leathers for pumps ■ . .. .. .. .. 12 

1 Set of spare gland bolts •. ■• .. .. ..050 

1 Set of spare bolts and nuts . . ' '. . . . ' '. . . . 5 

1 Strong wood ttwl box (unless the pump cUing forms the \ 
tool box), for containing and preserving the suction and I 
delivery hose, tools, and spare gear. ' These boxes are made I 
about 10 fb. by 1 ft. 8 in. by 9 in. deep, sii as to contain i 5 Q 
10 ft., lengths of auction hoae without beudibg them; they I , , 

' are stron<;ly framed together and wMI painted both inside I ' ' '' i 

■and out _ .. .. .. .. .. ,.}'■' 
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The lengths ia which delivery tuid' suction hoBed doitable for a ship's pum|kB|^i* aal|fl% "^ ^[^} 
made are as folldwB : — ^ \^w \j^ t^ ^ ^' 

Leather suction hose .. .. - 1 foot to 12fe0^^^ ^ 

Vulcanizeti india-rubber suction hose .. .. ,. 1 do. „ 80 do. \V^ V^ . 

Leather delivery hose .. .. .. .. .. ' 1 do. „ 60 do. V%r^ -^ 

Vulcanized india-rubber delivery hose .. .. 1 do. „ 60 do. ^ ^ ^'\ 

, Patent woven delivery canvas hose 1 do. ,, 800 do. 

A good-sized ship should carry the undernamed apparatus for use in case of fire, &c., the ' 
total cost of which varies &om £45 tb £50 \— 

1 Large-sized ship's pump, complete. 

3 Lengths of leather or india-nibber suction hose, each 10 or 12 ft. long. 

4 Lengths of leather or india-rubber delivery hose, eacli about 40 ft. long. 
1 Length of canvas delivery hose, 100 ft. long. 

1 Complete set of additional gear, as enumerated above. 
1 Tool chest. 

Li. all instances the leather suction and delivery hose are strongly recommended on account 
of their great durability ; they will in the end be found reliable and the most economical in 
spite of their extra cost. They should be kept well oiled with a specially prepared oil. 

Beside the three pumps last described there are many other forms applicable as ships* pumps, 
and on board ships of large tonnage it is usual to carry a steam fire engine iu addition to the 
manual engine. The donkey pumps illustrated by Fig. 261 are employed for this purpose, and 
found to answer admirably. A direct-acting steam pump such as shown by Fig. 422, is also 
sometimes used. The steam pumps may be run at a very high speed, and wUl then deliver an 
enormous quantity of water, and can easily be designed to deliver to any required height. 
Prices and full particulars of these pumps will be found earlier in this Section.; 

7IBE EHOnrXS. The prevention of the destruction of property by fire is a subject which 
engages the attention of all civilised commumties ; and it may be doubted whether any kind of 
machinery is really more necessary than that designed for battling with fire. It is therefore not 
surprising that many official inquiries have been made in our own and other countries relative 
to the best systems of providing protection from fire, and the following information on Uie subject 
will proliably be interesting. 

In 1830 Braithwaite constructed the first land steam fire engine that was used in London ; 
he made several which were exhibited at various public trials, but could not succeed in bringing 
them into general use. 

The next attempt to apply steam for the working of fire engines was made for the London, 
Fire Engine Estaolishment, which was not instituted till some time after Braithwaite's 
endeavour to introduce steam fire engines. In 1852 they had one of their large hand-worked 
floating fire engines altered so as to work by steam instead of manual power. The engine having 
been constructed by Tilley, the alterations were entrusted to and carried out by his successors, 
Sfaand, Mason & Go. 

In the same year the first American land steam fire engine was constructed in New York. 

The success which attended the above-mentioned alteration, and the great advantage which 
resulted from working- by steam instead of manual power, induced the London Fire Engine 
Establishment to have an entirely new fioating steam fire engine constructed for them, and ia 
1855 they invited tenders with designs. The experience gained by the above-mentioned 
alterations enabled the contractors to compete successfully on this occasion, and their design 
was adopted. 

It consists of two distinct direct-acting engines and pimips placed horizontally one on each 
side of the boat, with a boiler to each, so arianged that each boiler will work either or both 
engines if required. ' The pumps are readily disconnected from the steam engine, which also 
works one of Appold's centrifugal pumps for propeUing the vessel by the ejection of water from 
the sides, either towards the head or stem, by means of valves which work independent of each 
other on each side of the vessel. There are four outlets on the deck of the vessel 1o which the 
hose is attached. It will throw 2,000 gallons of water per minute to a height of 160 feet. 

The same manufacturers have also constructed one for the Council of India, for use on t)ie 
river Hooghley, at Calcutta, capable of delivering 3,000 gallons of water per minute. The 
enginest, when disconnected from the pumps, work the screw propeller, with which the vessel 
attains a speed' of 18 miles an hoiur. A full description with illustrations is given in the Engineer 
of 5th April, 1,867. 

In 1858 tihe same makers completed the first land steam fire engine which had been made 
since Braithwaite's, which was tried several times in public in London, and afterwards sold skud 
sent to St. Petersburgh ; they also constructed two more in the following year, one of which 

I 2 
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the London Fire Engine Establishment took on hire in 1860 for one yeaz ; this proved so 
advantageous that they purchased the fourth engine made by the same firm. This, with one 
of the two made in 1859, were the only land steam fire engines at the great iire iu Tooley^Streei 
in 1861. 

At the Great Exhibition, 1862, there was a steam fire engine exhibited by a manufiictnrer 
in New York, which was worked publicly at Messrs. Hodge's Distillery at Lambeth. Messns. 
Merry weather & Son placed their first st^un fire engine in the Exhibition in 1862, which, like 
the one exhibited by Shand & Mason, was not in time for the opening, and consequently neither 
of these were eligible to compete for prizes. 

The last inquiry on fire engines was conducted under the auspices of a Parliamentary i 
committee, and some interesting and important facts were elicited from experiments made at 
the South Essex Waterworks on June 2th, 1877. It had been suggested that the Metropolitan 
District should be supplied with fixed hydrants to enable fires to be extinguished by afl^ng 
hose to these hydrants playing directly on the flames without the intervention of fire engines ; 
l^e experiments were carried out to determine how far the pressure in the water mains was 
suitable for this system. The series of elaborate and conclusive experiments then made showed 
that in overcoming the friction due to driving 600 gallons per minute through 220 yards of 
4-ineh pipe, the pressure required was equal to a head of 225 feet. To further (Oliver these 600 
gallons through 4 jets, each with 200 feet of hose, another 55 feet head would be required ; and 
to throw the water a height of 50 feet from the jets required a further head of 80 feet There- ' 
fore to deliver those quantities above-named through the lengths of pipe and hose would require 
no less a head than 355 feet ; and it is needless to say that such a pressure is not at present 
obtainable in London. It is true that 220 yards is a great length of pipe for so large a quantity 
of water, and that with a lar^^er and shorter pipe a much less pressure would be required. 
Nevertheless, when we consider that if high pressure were introduced in the Metropolis, all the 
existing house pipes and fittings would have to be replaced or strengthened at a probable cost 
of about four millions sterling, in addition to the cost of street hydrants estimated at three- 
quarters of a million, it is prolnble that it wiU be a long time l)efore fire engines are superseded 
by hydrants. 

FLOATIKO FIBE SITOIHES are invaluable in ports, docks, ftc, or wherever warehouses 
and other premises are in proximity to water, whether self-propelling or placed in small vessels 
to be moved about by steam tugs ; the former, although more expensive are more rdiable, and 
therefore preferable. Fire engines alone, without boilers, may be and frequently are fitted on- 
board steam tugs, ferry boats, &o., the steam from the propelling engine boiler rendering them 
immediately available in case of fire. An engine suitable for these conditions is shown in 
Fig. 422. In Section 1, Fig. 28 shows a steam tug fitted with a direct-acting steam fire engine^ 
which can also be employed for supplying ships with fresh water, a large tank being form^ va 
one of the bulkheads of the boat for the storage oT fresh water. Steam tugs are also fitted with 
force pumps driven direct firom the propeller engine ; but as the propeller hea to be disengaged 
before the pump can be started, this arrangement is less desirable than the separate fire engine 
complete with its own steam cylinder. In some countries, where the winter is so severe that 
the rivers are frozen for two or three months, it may be found economical to have a complete 
land fire engine which can be placed on a tug or barge during the summer and used on land' 
throughout the winter. 

SELF-FBOFKLLEB FLOATING 8TEAH FIBE EKGINE. The subjoined prices refer to 
engines of a more powerful type than that shown in Figs. 416 and 417, and are adapted for 
general use as tug boats. They are fitted with two distinct engines, one coupled to the 
propeller and the o^er actuating the fire engine, but both supplied with steam from the same 
boiler. This arrangement enables the vessel to be propelled without stopping the fire engine, 
which is sometimes necessary, or at any rate convenient at fires. 

The prices include every requisite excepting suction and delivery hose. 



Pkiobs of Floating Fibe ENGimss. 



Approximate length of vessel 




80 


70 


60 


50 


45 


43 


„ width 


• • •• 


14 


13* 


13 


11 


9 


8 


Indicated horse-power 




200 


135 


90 


60 


40 


27 


Gallons discharged per minute . . 




2250 


1500 


1001 


670 


450 


300 


Height of jet in feet 




230 


220 


200 


185 


170 


150 


Diameter of jet if only one is used, in 


inches .. 


2f 


^ 


n 


1* 


li 


1 


Price complete 


« • a . 


£5000 


£3500 


£2750 


£2250 


£1980 


£1650 
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UOET-DSAirOHT HI&H-8FEE1) TLOATIirO STEAK FIBX SITGINE. Figs. 416 and 
417 were npecially designed for the Associated ( London) Insurance Companies, for use in the 
sliuilow parts of the Tliames. The vessel is 40 feet long by 10 feet wide, draught nnder 2 feet 
at stem and 1} feet forward, an^ is of great strength, haviag two bulkheads and a continaons 
deck. There is a roomy cabin with lookers on each uide, and hose reel for twenty 40-feet lengrths 
of, leather hope. The engine has three cylinders arranged to drive both the 6re pump and the 
propellers. There are twin screw propellers driven by bevel gearing arranged with doable 
pinions and clutches, so that the propellers can be made to revolve in either direction, and by 
this means the boat is very quickly steered. An arrangement is provided by which water jets 
from the fire pumpH can be made to assist the propellers when it is desirable to travel at the 
maximum speed, this iEiT>pnratu8 being under the control of the steersman. The pumps are 
capable of aelivering 670 gsllons per minute to a height of 185 feet. The price of this boat 
complete, with twenty 40-feet lengths of best copper rivetted leather hose and eveiy requisite, 
is 12.170. 

Iron floating: fire engines enn be shipped in sections marked and painted ready for re^rection. 

As before stated, oniinary land fire engines can be adapted for fixing into boats, with the 
necessary connections for fixed and flexible suction-pipes, and the following list gives the prices 
and particulars of the engines. 



Fbices of Fibe Engines fob Tugs ob Barges. 




J 




Size number 


« • • • 


1 


2 


3 


4 


5 ! 


6 


Indioited horse-power 


• • • • 


27 


32 


40 


60 


90 


135 


Diara. of jet when only one is used, 


in inches . . 


1 


11 


H 


1* 


n> 


2J 


Height of jet in feet 


• « • • 


150 


160 


170 


185 


200 


220 


Giillons delivered per minute 


« • • • 


800 


350 


450 


670 


1000 


1500 


Price of single vertical engine . . 


• • • • 


£375 


£430 


• • 


• • 


• • 


• • 


: „ hingle horizontal engine 


• • • • 


£340 


a • 


£540 


• • 


• • • 


• • 


- „ double horizontal engine 


• • • • 


• • 


• • 


• • 


.. 


£990 


• • 


„ treble vertical engine .. 


« • • • 


• • 


a* 


£630 


£800 


£990 

1 


£1260 



Cheaper engines can be obtained, bat first cost is usually regarded as being of less importance 
thfin having engines complete and reliable iu every respect. 

If steam is taken from an existing boileriit will probably be at a low pressure ; in that ease 
an engine similar to Fig. 422, or a direct-actsng engine like Figs. 237 or 268, would be suitable. 

; I 

•VEBTICAL TIRE EK0IKE8 of the type Fig. 418 are extensively used by the London and 
other Fire Brip:ades. There is only one steam and one water cylinder, and me construction is 
extremely simple in arrangement and detail; This engine was first publicly tested at the trials 
held at the Crystal Palace in June, 1863, when it delivered one-half more water in proportion 
to its weight than any other engine exhibited, and was awarded the first prize of £250. Since 
that; date, prizes have been awarded for engines of this -design at Middelburg (in Holland), 
Cologne, Dublin, Paris, Altona (Hamburg), and other places. The boiler is of the vertical 
tubular description, fitted with all necessary mountings, including safety valves, gauges, &c. 
Steam of good working pressure (about 100 lbs. per square inch) can be obtained from cold 
water in less than ten minutes from lighting the fire. The steam cylinder is directly over the 
pump, which is of the bucket and plunger type, and both are firmly attached to the boiler. The 
pistons of the steam engine and pnmp are (Urectly connected by two rods, and the length of the 
stroke is limited by means of a crank shaft ; after many years' experience this is found to be thf» 
best arrangement, as it not only prevents damage arising to the cylinder covers, but allows of 
the adoption of a very simple valve motion. The crank shaft carries a fly-wheel which enables 
the engine to be pulled round for oiling, &c., when it has not to be used for some time. The 
feed-pump is driven from the crank shaft. The whole engme is mounted on it strong wrought- 
frame, with forelocking gear, springs, four high wheels, pole and sway bars fo^ a pair of horses, 
driving seat and foot board. The engine is free from all peculiarities with which engineers are 
not familiar, so that if anything requires adjustment or repair it can be done by any engineer, 
and a man of ordinary intelligence can work it after a few trials. The whole of the parts are 
readily accessible, and the hose and suction pipes are clear of all the machinery when in action. 
The engine will deliver through two lines of hose, which may be used separately or together 
by means of a valve so arranged that both outlets cannot be closed at the same time. As an 
instance of the greatly diminished cost of working fire engines as compared with the old hand- 
worked engines, at the large fire at Beale's Wharf in Tooley Street, which occurred on the 
30th Octolir^ 1866, eight steam fire engines threw 6,000 tons of water at an expense of £5 5s. ; 
to do the same work in the same time, eighty manuals would be required at an expense of £600. 
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' 'PmcN op Vebtical Frnx Etnuim^ Fig. 118: 



Size number .. 

Indicated horae-power 

QallonB delivered per inm'ute 

Diameter of jet if only ono, in inches 

Height of jet in feet.. 

Price complete (without hose] 

Weight in ;c«ts 

Ueaautem^nt ik ahbie feet . . 



THS TEBTICAIi STEAK FIBX XFQIBE, Fig'. 419, ia fitted with a set of treble pumps 
vorked direct bj a coirespondiDg let of trehle aleam cylinders, vhereby peifeet uiiirormity is 
maiutaiiied in the flow of water through the hose and euction pipes, all Bhockg to Ihe engine or 
pipee Bie avoided, tmd the atteMns from tlie jets are as steady as those obtiiined from pressure 
due to gravitation. The use of three ateam cylinders, hesides secnring uniformity of Hon from 
the jets, admits of the fly-wheel b«ing dispensed with, the simple valve gear required with the 
cranks and rotary molion being retained. It also admits of great economy in the use of steam, 
whereby small boiler space and tight conaumpl^ion of fuel are obtained, and the total weight of 
the engine is reduced to the minimum. The boiler is of the vertii^l multitubular type, and 
steam at a presBnro of 100 lbs. per sqniire inch can be raised from cold water within ten minutes 
from lighting the flro. 

The prices above and on the preceding- and followmg pages include steam and water gauges, 
feed pump, QifiTord's injector, set of spare spanners and gauge glasses, suction strainer, set of 
jiatwieudieB, hose,' suction, brttncb, and jet pipe wrenches; screw wrtncb, stoking irons, oopper 
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' POtf of <9 „ 

. . . w MUia, tTTOMiiTaa water Dagd to protect wtketja, pole andavftybarafbr hoT8ea,Bj 
•11 neoeswiy fittings cxoepting how and auotion pipes. 



Pbiceb of Tkible Vestioal Fisb Enoihe, Fig. 119. 



Bias number .. 

Indicktod hone-power 

OalloDS delivered per mluate 

Diuneterof jet ifonly one, in inohea 

Height of jet ID feet 

Price of eagine 

Extra for pockiii^ for EhipmeDt .. 

Ai^troximate weight in owta. 

Approximate measmeDient in cubic feet 



3 


4 


5 


40 


GO 


90 


450 


870 


loco 


H 


IJ 


li 








£700 V 


£900 


£1100 


14 


15 


17 


36 


42 


56 


382 


120 


"" 



PUMPING MACHINERY.— SbctioM 3. lai 

pmnpa and oil the mvIriDg parts being readily aoceaBible. The engraTing ihows e, Terttcal 
Ualtitnbalar boiler with a lu^ fire-box for bumingnood; this is only reqaired in places where 
coal aod oake.are eioeedingly scarce. The engine is so arranged that the pumps can be diaoon- 
nected and tlie porer taitin b; a strap from the pulley shown on the crank shaft, wben the en«ne 
can be applied to any of the purposes for which an ordinary portable eogine is employed. The 
en|;ino and pmnp are carried on a light wrougbt-iron frame fixed to the boiler at one end, the 
other end being carried on the front pair of wheels, these being airanged for shafts and looking 
gear. The traTelliog wheels are made entirely of iron, combining strength and durability with 
lightness; they can, however, be made of wood if preferred, or mounted on steelsprings. Wooden- 
spoked wheals are generally used in climates similar to ourown, but in very hot dimatefi iron 
wheels have many advantagea. 



Extra for wronght-iron wheeb 

Extra ftMrlarge Hre-boi for bnming wood 

Extra for armngement to make engine serve as ordinwy portable 

Extra for fitting all four wheels with steel bearing springs 

Estn tta paeking and delivery at dock or railway station in London 
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TEE FOBTAlU BTEAK FIBI ERam. FiK.421,knotiDlend^ to Mimp0t«ifitb theSre 

endues required in large towns cuid citieg. but b^ng simple in constructiou and moderate in 
cost, it ie wall adapted for small towns, TOlunteer Are loigades in country districta, as well as for 
use abont farms, mansions, &Ci nhere property of great valae is so oRen entirely unprotected 
against Sre. 

The pump is readily detnofaed from the engine, which is then avaUable for driving chaSr 
cDtters, BBW-benchcB, or other machioery, whilst the pnmp pioTides the ordinary wat«r supply 
for a town, estate, or mansion, and is often of great Talue in drainage or irrigation operatipna. 

The boiler is vertical, fltted with brass tabes, and has sufficient beating. surfHce to generata 
ateam to a pressure, of 100 lbs. per sqoare inoh in 20 minutos after lightiug the flre. It if 
tested to a pressure of 200 lbs. per square inch, end is supplied .with all the usual fumaCQ an4 
steam fittings, polished braes dome and chimney, copper steam and eihauet connections between 
the engine and boiler, copper pipe from the feed pump, and ^t appliances for vtorkiug with 
safety and economy. 



Fig. 421. 

The pump is double soling. Hoed with gun-metal, and' fitted with gun metal valves easily 
. accessible, large copper air-vessel, and gun-metal suction and delivery hooe connectiona of the 
Iiondon Fire BrigailB pattern. 

The whole is mauiilcd on a neat wrought-iron frame; with steel :Spriogi>, trarelling. wheels 
with patent axles, swivelling fore-carriage, shafts or pole. ... 

Tlje total weight is about 35 cwt. and, when working at a moderate speed, the engine 
dellverii ISO gallons of water per minnte through a jet J toches diameter, to a hei^cbtof 130 Feet. 

To perform this duty by a munual engine would require tliirty^six men at the pumps, or, 
with reUya, not less thali eisty men, exclusive of those aitending to the hose, &o. 

Price of the engine; well fitted and finished throughout, £lt25. 

7h^ engiiica ate built by the Author's firm, and are in uae in this country, Kupwa, dec. 
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STKHrr-AnUTQ nXED NEAH PITHP OB FIBE ZNGDTE, Fig. 422, is ibitaMa far 
pumping 1a^^ qnantihes of water for &ctorie8, lailnay statioas, public works, town supply. Ac., 
SB veil aa for nge as fixed or floating steani fire engiQeu ; the working parts are priai/ipBll; of 
steel, and the ctaiik plates 
are made to balanoe the 
piston, crOfiS-bead and rods. 

The pump is double act- 
ing, delivering tbe full ca- 
pacity of the barrel at both 
the up and the down stroke : 
nnd when required for ubo 
in aea-wfllei' tbe whole of the 
pump, valve-plates, guards, 
covers, glands, piston, piston- 
rod, bolts, and nuts, and oil 
parts coming in contact witli 
salt water, are made of hard 
gun metal ; for pumping 
fresh vcAer tbe Wrel is 
UBually made of iron, and 
ttiB valves, &c., of gun metal. ' 

The engraving represents 
an engine fixed on boajd tba 
" Mystery," whiob was de- 
signed to answer the double 
purpose of a steam tug and 
floating steam fire engine. 
It occapiea a space of 3 feet 
square by 8 feet high, and 
takes the steam from tbe 
boat's boilers. With a pres- 
sure of 25 to 30 lbs. per 
square inoh , the pump throws 
5110 gallons of water per 
minute to a height of 150 
feet through a 1| inch aozsBl& 
The pump is 8| inches dia< 
meter by 14 inches strokej 
and is made entirely of gun 
metal, tbe suction pipe is of 
copper, 5 inches dijkmeler. 
and the deliver]' pipe is 5 
inches tapering to 2^ ludies 
diameter and. fitted witii 
hoae-unions asi used by the 
IjOiidon Fire Brigade, and 
tbere is a large copper air- 
vesael on both the suction 
and delivery pipe. 

These pnmpB are made 
of various sizes, and are 
arranged to work vertically 
or horizontally to suit th« 
positLon in which they can 
be flxeil: in small vessels 
the deck iKOut awaytomake 
room for the upper part of 
tbe pump. 

The price of the engine 
' complete, as shown in Fig. 
'422, but not including sut- 
tion, delivery pipes, or any 

steam, is £300. -g,- 400 

The cost of packing and ^' *^ 

delivery at dock or railway stnfion in London Is 5 per cent 
The weight when packed is about 2 tons. 
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DcLivEBT Hose. 



Size number of fire engines 


1 


2 


3 


t 


S 


e 


No. of gallons perminute 


soo 


350 


450 


670 






£6 6 


£7 18 


£7 18 


£9 IS 


£12 


£14 10 


Bent copper rivelted leather hose in 40 ftj 
lenethB, with couplinga, &c. , . . . f 


£B ID 


£8 10 


£S 10 


£8 10 


£8 10 


£8 10 


°S«?j|sSI 






£S 10 




£8 10 


£8 10 


£7 5 
£6 


£7 5 
£6 


£7 6 
£6 


£7 S 
£6 


£7 5 
£S 


£7 5 
£C 



TEX LOBIOIT BRIOASX KANDAI VTSX EKQQTX, Fig. 423, ia a very oonplate )i(uid- 
worfaed Are engine, and h especially adapted foi municipal, coantry, volunteer, and private fire 
bribes; it in light, ;et Btronglj built. The worfas are of the best description, being Jittrd with 
metallic valves, two gtm-metal oylinders and pislonH, copper suction and delivery Bir-Tea9el8, and 
are filed in a strong well-Beaeoned oak cistcm, with aide pockets to carry suction and blanch 
pipes, and a box placed over the cistern to cariy hose and implements, with driving'Mat «nd 
footboard, wronght-iron forelocking carriage and drag handle, with pole and sway bar for a pair 
tit horses, springs and high wood-spoke whetU for n^id travelling, draws water either throngh 
snotiini-pipe i^m pond, nvers, &o,, or from cistern of tho engine, &c., and delivers on either or 
both aides. Booh engine is provided with a copper branch pipe, having gon-metal sorew to 
attauh to hose, and bossto take jet pipe,twojet pipes, a copper aiminerwiih gun-metal acrew to 
fix on end of suction-pipe, a wrench for auction au-vesaels, two hose wrenches, and a acrew driver 
with shifting handle. 

These engines are adopted hy the Metropolitan Board of Works, the Volunteer Brigades In 
the neighbourhood of Locdun, and almost all the la^e towns and districts In England, the 
varions Insurance Offlcos, Her Majesty's War Departtrout, Admirallf. Council of India, the 
Cdonies, and in many foreign countriee. 



PUMPING MACHINERY.— Section 3. 
Fbiobs of Bbioadb Manual 'Esbtsw, Fig. 423. 



1*5 



Gallons delivered per minute . . 

Heightof jetin feet 

Maximum number of men to work pumps . . 
Price 



80 


100 


115 


134 


174 


218 


no 


120 


125 


130 


140 


150 


16 


22 


26 


30 


36 


46 


£120 


£185 


£145 


£155 


£165 


£180 



OOVHTBY BRIGADE XAHTTAL FIBE EVGUTE suitable for small towns and thinly 
inhabited rural districts, and may be drawn by one horse at oondiderable speed. This engine 
has been designed fur use in localities where the purchase of a London Brigade engiue is too 
heavy a tax on the inhabitants. The Country Brigade Engine is as powerful when worked by 
the' dame number of men as the London Brigade Engine, but the ext^or arrangements are less 
expensive. The works are similar to the London Brigade Engine, and it is fitted wilhi locking 
carriage springs, wrought-iron axles, shafts for one horse, four wood-spoke wheels, and driving 
seat and footboard ; will carry men, and travel at considerable speed. * 

Prices of Gountby Brigade Engines. 



Gkdlons delivered per minute 

Height of jet in feet .. 

Maximum number of men to work pumps 

Price 



80 

110 

16 

£98 



100 

120 

22 

£112 



115 

125 

26 

£124 



FACTOBY KANTIAL FIBE ENGINE. This engine is designed for use in railway stations 
find works, ship-buildiug and timber yards, factories, docks, &c., and is not required to be 
drawn by horses. It is adopted by the Admiralty, the London, Brighton, and Sou&l Coast, the 
South-Eastem, and other railway works. Thetie are powerful engines, and are similar to the 
London Brigade engines, but without springs, gear for horses, driving seat and footboard, and 
are arranged for being drawn by a drag handle. 

Prices op Factory Fire Engines. 



Gallons delivered per hour 

Height of jet in feet 

Maximum number of men to work pumps 

jl nee •• a. .. .. .. .. 



80 


100 


115 


134 


174 


218 


110 


120 


125 


130 


140 


150 


16 


22 


26 


30 


36 


46 


£108 


£122 


£181 


£140 


£149 


£162 



XANSIOK XAVUAL FIBE ENGINES for the protection of private mansions, small viUages, 
railway stations and woi^ks, manufacturing and other premises, to be taken to short distances 
only, being made very light for that purpose. The pumps are as powerful as those of any other 
classes of engine worked by the same number of men. It is similar to the Country Brigade 
Engine, but without springs, shafts, driving seat, and footboard, and is much used for the above- 
lafflitioQed purposes in all parts of England, and in many foreign countries. 



i< 



Pbicbs of Mansion Fibe Engines. 



Galltms delivered per minute 

Height of jet in feet 

Maximum number of men to work pumps 
Prioe 



44 


55 


70 


80 


100 


115 


80 


90 


100 


no 


120 


125 


6 


8 


12 


16 


22 


26 


£50 


£60 


£76 


£86 


£96 


£105 



XETALLIC KANITAL FIBE ENGINES are modifications of the factory and mansion fire 
engines, rendering them more suitable for use in tropical climates, by the substitution of copper 
instead' of wood in the construction in the cistern in which the working parts are fixed, with a 
view, of resisting the attacks of insects and the effects of climate. Five sizes of these enmnes 
are manufactured. Nos. 1 and 2 are suitable for brigade purposes ; No. 3 is much used for 
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mansions and extensive premises, and freqnently Aa a garden engine iu grounds of great extent 
it is readily worked by two or four men, six men being the full number. Nos. 4 and 5 are 
suifable for use in manufacturing and other premises where they will not have to run out to 
fires at a distance. 

P&T0B8 OF MbTALUO FiBE ENGINES. 



1 

Gallons delivered per minute 

Height of jet in feet 

Maximum number of men to work pumps 

Price of engine, No. I 

Price of engine. No. 2 

Price of engine. No. 3 

Price of engine, No. 4 

Price of engine, No. 5 


218 

150 

46 

£160 

• • 

• • 

• • 


174 134 

140 130 

86 30 

£150 £140 

•• • • 
• • • • 
.. £84 
•• •• 


• « 

115 

125 

26 

£132 

« • 

£73 

• • 


100 
120 
22 

£126 

i.108 

•• 

• • 

• • 


80 
110 

16 
£113 

£94 

£63 

•• 


70 

100 

12 

£78 

• • 
•• 

• • 


55 
90 

8 

£62 

•• 

£48 


44 

80 
6 

• • 

• • 

• • 

£36 


35 

75 

4 

• • 

£25 

• • 

• • 



THE CUBBICLE MKSJJAL 7ISE ENOIHE is extensively used by the London Fire Brigade, 
the Council of India, and country fire brigades, and is made both for hand and horse draught. 
It is extremely light, and being mounted on springs and high wheels, is easily drawn. It carries 
all appliances for extinguishing fires, and is a complete fire engine at a very small cost. 

• « . , 

Prices op CuRnxcLE Fire Engines. 



Gallons pumped per minute 
Height of jet in feet.. 
Maximum number of men to work pumps 
Price for horse draught 
hand draught 



w 



55' 

90 

10 

£54 

£42 



68 
100 

16 
£66 
£53 



100 
120 
22 

£78 
£66 



Thirty-one hand curricle engines are now employed" by the London Fire Brigade alone. 

Prices of Hose for use with Manual Engines. 



Max. number of men to work pumps 


6 


8 


12 


16 


22 


26 


30 


36 


46 


Copper ri vetted leather hose per 40 ft."! 
■length with coupiingd, loops, &c. / 


100/- 


108/- 


120/- 


135/- 


150/- 


158/- 


170/- 


170/- 


170/- 


Patent woven canvas hose per ft. No. 1 


7d. 


Sd. 


8M. 


9d. 


lOd. 


lO^d. 


11(2. 


11(2. 


lid. 


•. * >> No. 2 


9d. 


10(2. 


lO^d. 


Ud. 


12^. 


13d, 


14(2. 


14(2. 


14(2. 


No. 3 


lid. 


12d. 


IM. 


14Jd. 


15(2. 


16(2. 


17(2: 


net: 


17(2. 


Gun-metal couplings for do. (fixed),! 
each pair . . . . . . . . / 


10/ 


11/4 


13/4 


14/6 


16/8 


18/- 


20/- 


20/- 


20/- 


. Leather or india-rubber suction hosel 
per ft. . . . • . . . . / 


4/6 


5/1 


5/8 


6/8 


7/4 


7/10 


8/6 


10/- 


12/- 


' Gun-metal couplings for do. (fixed),1 
eanh pair / 


13/- 


14/- 


16/- 


18/- 


20/- 


22/- 


24/- 


26/- 


30/- 



Leather hose is usually made in 40 -ft. lengths, a coil of that length being as much as one 
man can handle. Woven canvas can be had in any length up to 600 feet, and is about l-5th the 
weight and bulk of leather; it can be prepared to prevent rot at an extra expense of 1(2. per 
foot, and will then last for many years, although it is not so durable as leather which, if properly 
looked after and occasionally oiled, ought to last forty years. 

BE8PIEAT0E8 AND EYE PBOTECTOSS to enable men to enter and remain in a room full of 
dmoke or noxious vapours, are important additions to the outfits of fire brigades. These appliances,, 
^th from 80 to 50 feet of tubing, are usually kept in readiness with every fire escape. It 
sometimes happens that a fireman, on entering a burning house to rescue the inmates, is obliged 
to retire in consequence of the sufibcatihg smoke, and in fact on one occasicm a fireman so 
engaged was with difiiculty saved from sufibcation. A very simple apparatus for this purpose 
has been exclusively used in the London fire brigades for some time past. The price of tiie 
respirator complete, with 30 feet of tubing, is £5 10a., or with 50 feet of tubing, £7 10«. The 
price of a pair of patent eye protectors to be used in oonjunctlen with the respirators is £1 5». 
EVery ship should carry at least one set of this apparatus. 



PUMPING BIACHINERY.-^>enoN 3. 






:«ii bo easily 
iridora and . 

waieboaeeB, 
Tked by one 
B carried up- 

the hinged 
tie hose and 
diate action. 
ent poilable 
Cing tea gal- 



engine «.m- 
a 1:6 10). 

mahogany 
nbber tytee, 



t length of 
iiKiiB-iuuuipi iivn with avivel 
BcrewB bound on with copper 

Price of coppcr-rivetted leather 
or india-rnbber hose in 10 ft 
lengths with swivel screws fixed 
with copper wire, 15«. 

The cistern is made of strong 
galvanized iron, and is of sofB- 
oient capaci^ to contain twelve 
gallons; and alttiough ntonnted 
on high wheels it is k^t suffi- 
ciently near the gronod to 
ensnre staHlity when at work. 

POBTABLE HAND FIBB 
PDIfF, Fte. 425, was iatrodDced 
by the London Fire Engine 
Establishment a few years ago, 
since which time it has b^ 
constantly in qbb, and found lA 
great Bervioe, raanj flies being 
extinguished through its in- 
stnimentality. 

The air vessel, barrel, and 
valves are entirely of brass, not 
liable to get out of order, and 
the whole can be kept in any 
convenient situalioTi, read; ior 
immediate vse. 

This pump will foi'ce six 
gallons per minate to a height 
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PrioB with 10 feet rivetted leather hoK. iwiTel iciewa and jet pipft 50). 
GalTaniEed iron peS, with intonMl aociet for reoepHon of the pump, by which one peiK»i 
«ui work aod direct the jet, 12>. ed. 

Bstni for metallic cover to euoloee pmnp and hoae, Bi. 

THE mPBOVID HOBZ JLKgL, Fig. 4£6, conajtte of a pelt ot high wood wheeli witb m 

wroaglit-iroa axle ; a reel to hold the hose revolvicg on the handle, but independent of it. A 
wroo^t-iroD frame fixed to the axle carries the box and forau a drag handle. The box at the 
top is arranged to contain a stand pipe, branch pipe, and other necessary implements. 

Theee hoee reels are frequently monnted on Hpringa for being drawn at high speeds and are 
gtnefsllj employed by London, provincial, and volunteer brigad^ 

When kept ready for use the whole of Uie hose is connects tw the oonplings into one length 
and coiled on the reel, a ferrale screw being left oatdde, and all the iuplemente are in their 
places in the box. On an alarm of flre the nose reel is run by one or two men to the fire plag 
nearest to the premises on flre, the hose is connected to the plug or stand pipe and the maobine 
is moT^d as near the fire as possible, the hoae being nncoiled and laid on the ground by the 
reel in it« progress ; the hoae ii theu disconnected at £e nearest conpliDg.abTaaebpipeKiewed 
on, and the wWe is reedy for the water to be turned on. 



Pbices or HosB Sbbls, Fig. 426. 

Reel for 400 ft. of leather, or 1500 ft. of canvas hoee £13 10 

ExtTafor ditto if mounted on springs 4 10 

Beal for 60l> feet of leather hose mounted on springs 28 

Beel for 1000 ft. of leather hose mounted on springs 38 

Copper brandi pipes froml7/-to 1 10 

FeUingftxe 11 

Light fire axe 8 G 

Handaxe 6 

Hand axe with belt and case 14 

Pickaxe 5 6 

Spade 5 

CSowbai 6 6 

Firehooks 13 6 

Handlamp 15 

Hand saw in leather case 16 6 

Scaling ladders per p»r 2 10 D 

Bright hose wrench .. .. •■ ■• ■■ .. .. ..036 

Black hose wrenches , ,.020 

Grappling-iron and 36 feet of chain 100 

Canvaa pails per dot. 2 10 

Copper-rivetted leather pails per doz 140/-and8 

Folding canvas dstems, according to size .. 50/-, 150/- and 8 10 

Hehuels &om 15/- to 1 5 



- PUMPING MACHINERV.— Section 3. 129 

ETOBAITUC sua of the kind lUiutKted by Fig, 427 am tued for BOOh pIiqmBeH as 
IrrigBtiiig kiHiB, supplying fana buildiag?, stories, nilway ktstiouB, &.«. The hydranlic ram 
WB8 inrented by MoDtgolfler, bnt since hia tima has been rnnoh improTsd in detuil and 
ooDBtruullv, and aa now made it may fairly claim to be a most efficient and reliable meaua of 
aapplying water from a mnniug stream to a considerable elevation. It Is applicable where no 
more than IB inobeB fall can be obtained, bnt the greater the fait atailable tiie more powwt'nl 
the action of the maoUine and the greater the elevation to wbiob the water may be forced. If 
at all possible a fall of 8 or 10 feet shoald be obtained. The proportion between the water 
raised and that running to waste depends mainly on the height of the spring: or source of supply 
above the ram relatively with the height to which the water is delivered. The qnantity rajsed 
varies in proportion to the height to 
which it IS conveyed with a given 
fiJi and the length of the pipe 
through which the water is forced [ 
the longer the pipe tbe greater is the 
friction to be overcwno. It ie, how- 
ever, not tmosual to apply a ram for 
forcing water to a distance of 1,000 
yards sr more. Ten feet fall is 
sofHcient for forcing water to any 
elevation not exceeding ISO feet 
above the point where the nun is 
fixed, and if only a small quantity 
of water is required and a large 
quantity la available in the broi^ 
or other aourbe of supply, the water 
may be raised to a much greater 
hei^t than 190 fbet. It is not 
advisable to use a greater &11 than 
IB absolutely neoeesary to raise the 
leqaired quantity of water to the 
desired height, as the ram is then 
subjected to an imnecesBary amount 
of work, the wear and t^r of all 
tbe parts is increased, and the dura^ 
iju .~j bitityof the wholeisproportionalely 

«ig.*Zi. decreased. If the ram is flied at a 

reasonable distance &om tbe point 
where the water is to be delivered the fall necessary to deliver a given quantity is approiimately 
as fbllows. Abnntone-seventhportof the water will be raised to five timee the height of the faU 
which is applied to the ram, or about one-fourteenth part will be raised to ten times the height 
of the fall, and so on in tbe same proportion. Thus, if the ram be placed under a head or ^11 
of 10 feet, and the stream delivers 50 gallons per minute, about 7 gallons per minute can be 
raised to a height of 50 feet, or 3} gallooe to a height of 100 feet : or, in otiier words, an 
efSoiency of 70 per cent, is obtajned. This compares favontably with other forms of pumping 
machinery, and tbe ntms possess this great advantage, that tbc^ can be allowed to fjork 
Dontinoonsly and will require no attention whatever, and beside being very cheap in flnt cost, 
they are inexpensive in maintenance. The ram should be fixed in a pit 2 or H feet deep, 
sofBcient to protect it from &08t, and a race should be ont to convey tlie waste water away. 
Tbe pipes should also he laid at snch a depth in the ground that the; are <ftit of the reach of 
tbe severesf frost. The prices below do not mclnde any piping. 



PaiosBo 


B- HYDBinUO Raks, Pig 


427. 








Size number 

Mai. gallons in stream per minute 
Diameter of supply pipe in inches 
Diam. of discharge pipe in inches 


2 

J. 


3 
4 
1 


J„ 


5 

14 
2 

£4 15 


S 
25 


7 
40 

n 

£12 10 


10 
73 

4 
2 



Packing and delivery about 5 per cent. 
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constant atream to a height of from fifty to eighty feet, without the intervention of 

a pumping engine, and it is specially adapted for sinking wells, making foandatdons; 

&c. It will he found useful to manufacturers and mine 

owners whenever a pump is required that needs a minimum 

of attentioni or on cdiips, as it can he applied to a variety 

of purposes, such as for working hallast tanks, for bilge 

purposes, for washing decks, or as a fire engine. The 

simplicity of the pulsometer will be understood from an 

enumeration of its parts, which are an outer casing divided 

into two chambers, one ball valve controlling the admission 

of steam at each pulsation, and the usual suction and delivery 

valves common to all reciprocating pumps. 

The action will be understood by reference to the 
section engraving (Fig. 429) on the ne^t page. The two 
chambers A A are contained in one casting and are gradually 
4apered upwards till they unite in a neck J ; this neck contains 
the steam ball valve, which by its ocKsiUution admits steam 
alternately to each chamber. The chambers A A are con- 
nected at the bottom b^ a breeches piece, which leads to the 
suction pipe L and carries the two suction valves GO. On the 
side of Uie chamber D is attached a discharge box containing 
the delivery valves and leading to the discharge pipe. Doors 
are provided for easy access to all the valves. The pumps 
being filled with water, steam admitted through the pipe 
N passes down whichever side of the steam neck is left open 
by the position of the steam ball, and presses on the small 
surface of water exposed to it, depressing it without any 
Hgitation, and consequently with very slight condensation, 
and thus driving it through the delivery valves into the 
rising main. The moment that the level of the water is as 
low as the horizontal orifice leading to the discharge chamber, 
the steam blows through with a certain amount of violence, ' 
the surface of the water becomes agitated, an instantaneous 
condensation takes place, a vacuum is formed in the 
chamber, and the steam ball is pulled over into the seat 
opposite to that which it had* occupied during the operation 
just described. The same action then takes place in the 
second chamber, and by this means a continuous stream is 
discharged. As the valves are the only moving parts, they 
and their seats are the only portions ever requiring to be 
renewed ; these renewals are only necessary at very long 
intervals, and can be ett'ected in a very short space cf time 
and at a comparatively insignificant cost. The pulsometer 
is capable of pumping water or other liquids containing 
from 15 to 50 per cent, of muddy, pulpy, or gritty substances, 
and can be employed for raising a variety of chemicals, 
ammoniacal, or tan'liquors, or even tar. 

The illustration, Fig. 428, diows a pulsometer engaged in 
sinking work. It will be observed that it is merely susp^ided 
in chains, no further fixing being required ; and as steam is 
supplied through a flexible tube, the pump can easily be 
lowered as the operation of sinking advances. These pumps 
are suited for this class of work, for draining quarries or 
mines, as they occupy a small space and require little at- 
tention. Messrs. Pope and Pearson, of the West Biding 
and Silkstone Oollieries, near Leeds, state that one employed 
by them ** continued working uninterruptedly for a fortnight 
without any one going near it.'* When the water is to be 
raised to a considerable height it is desirable to insert a 
retaining valve in the lower p».rt of the rising main, and In 
all cases a foot valve must be placed at the bottom of thn 
suction pipe. 

Prices of valves suitable for these will be found in the 
annexed list. 

The number of gallons delivered in the table is with a 
discharge of 15 feet, and an allowance must be made if the 
height is piaterially increased. Fig. 428. 



PUMPING MACHINERY.— Skction 3. 
Pbioes or PiTUOMBTBea, Fig. 428. 



Size number .. 


1 


2 


3 


4 


S 


6 


7 


S 


9 


Diam. of ate&m pipe .. 


i 


* 




} 


it 


1 


1 


It 


li 




H 


2 




















2 






31 


4 






O&lloDB raised per hour 




1450 


3000 




9000 


13,200 












£20 


£26 


£35 


£45 


£55 


£70 


£100 




Price of foot valve .. 


l•,^ a 


£1 IS 


£2 15 


£3 10 




£4 15 


£5 5 


£S 


£7 10 


Price of rebtiniug volTe 


£,1 s 


£1 15 


£2 10 


£2 18 




£4 


£4 15 


£5 a 


£6 



Packing tot delivery coats about 5 per cent 



TEZ HTDBOTBDPa^ Fi^. 429, is a fbrn of pnlsometer spei^aU; adapted to feeding 
boilen, and like it i« soumple in ooD«tniotiDU and aotiou as lo require little or no attention, ia 



le of tim 
out are easily, qnickl;, and 
cheaply replaced vithont the 
eniployment of skilled laboni. 
The vatves and seats are, how- 
ever, made of the hardest des- 
oription of phosplior bronze, and 
wiU probably latf for many 
years ; the body of the hydro- 
ttopbe cannot ppssibl; wear ont, 
so that the expense of a new 
set of valves and seats renders 
the whole as valuable as when 
fliat pnrdiaBed. The pnmp may 
be fixed In any oonvenieut 
position lelatively with the 
boUer, either upon it or at soma 
ditrtauce ficm it; the only ea- 
sratiol oondition being that the 
discharge ^ange shoiud be at 
least 18 inches above the normal 
level of the water in the boilei. 
Steam sbonld be supplied 
thi«Dgh a wheel valve screwed 
into the opening N by means 
of a pipe token from a point in 
the boiler above the water line, 
and the discha^;e pine should 
be led into the boiler below the 



LO feet below, or any beiRht 
aoove, the apparetos, and a fioe 
strainer shonld be provided on 
this pipe. The quantity of 
water delivered can be regulated 
at pleasure, and no overflow pipe 
is required as in injeotora. 



PBcono 


F THS HTDBOTBOFBE, rig 


.429. 




Size number 

Horse power of boiler to be f^ .. 
Price with foot valve complete .. 


1 

10 to 15 

£13 


2 

85. to 40 
£16 


3 

70 to 80 
£23 



Packing for shipment eoata about 5 per cent 
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HYDSAmO TOBCE miPI, Fig. 430. These are applicable to a grettt variety of prnpoacH, 
sooh as (or working: hjdranlio preeses, hoiating maohinety or maLhine toola. Amongst hoisting; 
maobioery alone might be ennmerated iiuuiyTBrieties,BUciiaBCTanea, tr^yellets, lifts, and iftokH; 
wbilit amongst macliine tools maj be mentioupd puncliing machines, ahearing mathioes, 
rivetting roacliineB, to. These pumps are neatly deaignei and are speoiaJly adapted for 
conitant work under any pressure up to 1,500 lbs. per square inch ; at this pressure Ihey may 
be driven at SO strokes per minute. To adapt tliem for working at these high picsaires and 
speeds very large bearing surfaces are provided thronghout, and on)y the hiudeat descrip- 
tion of gun metal is employed 
for valves, barrels, and bear- 
ings. The crank shaft is en- 
tirely of steel and runs in long 
gun-metal adjustable bearings 

Especial attention is oi- 
reeled b< the fact that the 
thrust of the pumps is taken 
by the solid metul, and not, as 
is usually the case, by a bear- 
ing cap and bolts. This is a 
feature belonging especially to 
these pamps and insures great 
durability and eCGciency. 

The pumps ate mounted 
on a strong base-plate which 
forms a tank. The connecting- ' 
rod* are of forged scrap iron, 
the bwer end is forked to spau 
the guide blooks and the upper 
end is fitted with adjustable 
gun-metsi bearings of the 
marine pattern ;theoonnecling- 
rods are made very long in pro- 
portion to the stroke of the 
pumps, thus avoiding any 
excessive side pressure on the 
bearings and guides. The 
pumps are arranged to be 
driven by a strap, a faat and 
loose pulley being provided on 
lie orank shaft between ita 
bwirings; the looie pulby is 
buslied with gun metal and 
tbe taat pulley is made auHi- 
oienOy heavy to act ae a flj- 
wheeC The workmanship 
and materials throughout are 
of the highest quality, and 
the pumps are strongly re- ; 
commended for employment 

wherever hydranlio pressure ''S- *™. 

is eitensively used. 

The pumps are made in sets of two and three, the latter being preferable on account of the 
more regtdar delivery ot water. Prices of both are given below. 

Prtces of Htdkaduo PoncE Pdmps, Fig. 430. 





2 3 


2 


3 


2 


;i 


2 


3 




li i a 


U 


lA 


ij 


If 










4 


4 


4 


4 


4 






80 1 80 


H() 


80 










AnDTOximate woieht in owts. 


16 20 


•2K 


'2H 


•2H 






34 




71 1 8.1 


71 


l(K) 


111(1 


[<N) 


MHI 


100 


Prico .. .. 


£100 '£115 


£115 


£145 


£145 


nm 


£160 


£180 



Packing for delivery about 5 per ct 



PUMPING MACHINERY. -Section 3, 



single plunger, and U avHilable for & rarietj 
of purpoaeB, aach as attachiiig to enj form of 
hydraolic press of amall size, for lifbi, testing 
boiler^,pipea,0[cyliTiders,orfi:^ ose in connec- 
tian Witt maoliinea for testing girdera, iron, to. 
The baao fbrming tlie mstem ie of caet 
iron, circular in shape, and with Inga for 
boiling to the foundations when required ; 
the standard is attached to the tank by B 
stretcher across the top of the lank, and 
carries the pump in the centre, the loner purt 
of tJie pomp reaching close to the bottom of 
the tank ; the top of the elandard is bushed 
with gnn metal, and forma a vertical guide to 
the plunger. The hand lever is hung on one 
side of the slanditrd. and is fitted with 
moveable a4jn8taMe fulijnun pin ; the opposite 
side is slotted lo guide tbn lever ; this lever is 
made with a socket joint aboat midwaj of its 
length, so that it can bp nsed to give a quick 
stride for ^ling boilers, to. The pomp 
plunger and valves are all of bard gun metal, 
and the pmnp is fllted with safety valve and 
pressure gauge to indicate any pressure np to 
2 tons per square inob. Prioe of the pump, 
£2<\; preasare gange, £2' to £i, aocordlng to 
presEure. The plunger of the pump ia 1^ 
inches diameter. 



FOBTABLE TSST PTTHFB, Figs. 432 and 433. These are hand; forms of portable hydianlio 
test or proving pumps for use under many conditionsi where the pressure required does not 
exceed above 300 lbs. The pump, Fi^. 432, can be carried b7 one man. or it can be fitted 
with three wheels lo be wheeled where required, as shown in Fig. 433, the front wheel being 
made to swivel. Price of pump, Fig. 432, £7 ; if with wheels, an Fig. 433, £10 10s. ; preaaura 
gauge, £1 Ifl, eitra for either pump. 
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HTSBAiniO Fin FSOTXB, 

Fig.438*. ThismaobLnewiLlbe 
fouDd nsefnl and almoit neoea- 
rarjr in Ist^ water or gaa wotksy 
a» well aa to pipe founders. It 
is (MnstrDcted to ptore pipes of 
any length op to 9 feet, and of 
any diameter from 8 iDcliea to 
21 inches; for tliia purpose Ave 
psirB of loose diees are provided 
with the proper diftmeter of 
grooTca, the dibcs being readily 
fitted to the maehine and easily 
ohanfced, A trough is provided 
of Buffioient capacity to charge 
the largest sise pipe, so that llie 
machine can be osed iu any 
place where the supplyof water 
IS only anfBcient to chnrge the 
trough ; bat nhere water can be 
obtniaed from a setvioe pipe or 
tank, titne and labonr is saved 
by charging the pipes front saob 
Bource of supply. 

The pomps are worked by 
hand power, and oonsiat of u 
pairofdiffereotialplnngeis; the 
outer plungers are 5 in. dismetei, 
and within these are plangers 
1} inch diameter, nhicn can be 
readily fixed to the large hollow 
plunger, or the hollow plnngars 
to the cistern ; the two plungers 
work together whilst ttje pipes 
are being filled, and when the 
pressure is brought on to the 
pipe the smaller plunger only 
ia used. Pipes can be tested up 
to 300 lbs. per aqnare inch. 

Each size of •gtoore In the 
headstocks is fitted with an 
india-rubber ring, which makes 
the joint between each end of 
the pipe and the aorrespondiiig 
headeiock, and a screw and 
ratchet tever is fitted to the 
moveable head. The water is 
conveyed into the pipes through 
the centre of the ibed head- 
stock, which is also provideti^ 
with a suitable arrangement to 
get ridof theair, and a pressnm 
giinge indexed to 300 lbs. per 
square inch. The priee of the 
machine of the size described ia 
£150, and the weight 15 cwt. 
Other sizes, either smaller or 
larger, are constructed, and, if 
desired, the pumpe con be dtiven 
by hand or power. 

Jf with apparatus to (est 
bends and irregular pipes, £32 

The cost of Ihe pumps only, 
niounled on tank as shown in 
l^ig. tm*, is £75. Faciing and 
delivery 5 pet cent. 
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Fig.484. 



SLXnCS VALVES, Fig, 434. These vidves are suitable for 
steam, water, gas, air, sewage, &c., and are constructed of the 
best materials. The valve cases are made in oast iron in one 
piece, and fitted, as may be required, with single or double 
gun-metal faces to the valves, and seats and gun-metal screws 
and nuts for steam and water; double cast-iron faces and 
wrought-iron screws and nuts are generally used for gas and 
sewage. The outlets can be made with both ends flanged, or 
with flange and spigot or socket ends, or with spigot and 
socket or double socket ends, as may be required. The steam 
and water valves are tested to a pressure of 200 lbs. per square 
inch, and the gas and air valves with double iron faces are 
tested to SO lbs. per square inch before leaving the works. 
All valves are supplied with cast-iron sockets upon the 
spindle ends, and if desired may be fitted with hand wheels, 
the additional cost of which will be found in the subjoined 
table. If the valves are required with faced flanges the extra 
cost is given. In the smaller sizes the flanges are fSaced all 
over, but in the larger sizes they are only faced from the bore 
to the inner edge of the bolt holes. Bolt holes may be cast in 
the flanges or drilled to templates. In cases where the 
Valvies are intended to be used with existing pipes, it is 
always advisable to send a template of the flanges showing the 
number and diameter of bolt holes, there being no regular 
standard amongst engineers for the proportion of flanges. 
These valves are sometimes made with the &ces parallel and 
with plain spindles and handles for blast furnace work. 

Nearly all sizes are kept in stock. The cost of packing for 
shipment and delivery to any of the London Docks will 
average about 5 per cent. 



Prices op Sluice Valves. 






Bore of valve in inches . . 




2 


2} 


3 


4 


5 


Diameter of flanges 




6J 


7 


^ 


9 


11 


Length over flanges 




7 


8i 


8J 


8f 


10 


Centres of bolt holes 




5 


5J 


6 


7i 


9 


Number of bolts ". . 




4 


4 


4 


4 


6 


Diameter of bolts 




i 


i 


t 


f 


! 


Price with four gun-metal faoes.^ 
screws aifd nuts . . . . / 


£1 


11 


£1 19 


£2 6 6 


£3 3 


£3 18 


Price with two ditto ditto 


1 


9 6 


1 14 


2 


2 17 


3 12 


Price with wrought-iron screws! 
and nuts and cast-iron faces . . / 


1 


5 


1 10 


1 15 


2 5 


3 


Price extra with spigot and socket) 
ends fltted to valves . . . . / 





5 


6 


7 


9 


11 6 


Price extra fitted with handl 
wheels on top of spindles . . / 





2 


2 


2 


2 


2 7 


Price extra with faced flanges.. 





1 2 


14 


19 


2 


2 3 



Bore of valve in inches .. 

Diameter of flanges 

Length over flanges 

Ceotres of bolt holes 

Number of bolts .. 

Diameter of bolts 

Price with four gun-metal faces,) 

screws and nuts . . . . / 

Price with two ditto ditto 
Price with wrouj;ht-iron screws) 

and nuts and cast-iron faces . . / 
Price extra with spigot and socketl 

ends fitted to valves . . . . / 
Price extra fitted with hand) 

wheels on top of spindles . . / 
Price extra with fao^ flanges .. 



6 
12 

10 
6 



£4 
4 



15 

6 

10 



15 








2 7 
2 7 



7 

m 

12i 

lU 

6 

i 

£5 13 



5 3 
4 5 








8 

141 

13 

12i 

6 

i 

£6 18 
6 6 
5 5 



9 
15} 
13i 
13i 

6 

i 

£8 
7 7 
5 15 



19 140 186 



2 7 
2 10 



2 7 
3 2 



4 6 
3 6 



10 
17 
15 
14J 
8 

i 

£9 5 
8 3 
6 10 



6 





1 12 6 

4 6 
4 
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Fbices 


07 Blujcb Valves— (smHniied. 






BoreofvBlTeininchu .. 


11 


12 


14 


15 


16 


Diameter of Oxagea 


18 


19 


21* 


221 


231 


LcDgth over flanges 


16 


17 


171 


18 


18 


Centres of bolt holes .. 


15} 


Itii 


18i 


20 


21 


Nnmbetofbolta 


8 


8 


8 


10 


10 


Dinmetpr of bolts 


i 


f 


i 


i 


.1 


Prine witli four gun-metal 6ices,l 
^ciewB and tints .. ..] 


£10 10 


£11 15 


£16 10 


£18 10 '£20 10 


Price with two ditto ditto 


9 9 


10 12 


14 10 


16 10 18 12 


Price with wronght-iron bcwwbI 
and DotB and caat-imn faces . . J 


7 10 


8 


12 


13 5 15 


Price extra with spigot and Buoketl 
enda fitted to viilveB .. ..j 


1 17 


2 4 


8 6 


4 2 5 4 6 


Price extm fitted with hand) 


4 6 


4 6 






wheels on top of spindlea . . J 


6 


6 6 


FricQ extra with faced flanges .. 


13 


5 3 


6 3 


6 ol 8 



Bon of Ttdve in inches . . 


18 


20 


24 


30 


36 


Diatoeter of flangcB 


25i 


28 


32} 


S9 


45} 


Length over flanges 


19 


20 


21} 


24 


27 


Centres of bolt holes .. 


23 


25} 


29} 


36 


42 


Number of bolts 


12 


12 


12 


16 




Diameter of bolts., 


I 


1 


1 


£50 


$78 10 


Prioe with four gun-metal Ucee.\ 
screws and nuts .. ..) 


£21 


£27 10 


£86 


Price with two ditto ditto 


21 16 


24 2 


31 10 


41 10 


65 11 


Price with wmught-iron scrtwil 
and nnts and Oast-iron ftioes ., | 


17 10 


21 


27 1) 


31 6 


54 10 


Price extra with spigot and sochet \ 












ends fltted to valves .. ..| 


5 18 


7 13 


10 10 


14 5 


17 12 


Prioe eitra fltted with handl 
wlifelB on top of spindles ..j 












10 


10 






.- 


Prioe extra with faced flanges .. 


10 3 1 13 9 


17 8 


1 3 


1 3 



Prices extra if fitted with stuffing boses, bushed with brass, firan 2" to 6" valves, 2/3 each. 



Price of keys for opening sluice valves:— bright, 15/- each; rough, 12/- each. 



DOlrmrS TJOMVXD BOEBW VAXER TAIVES, Pig. 435 These 
valves ate proved to 400 feet head of walor. Tho dimensions give the 
sizes of the valves without allowance for jointa. Tho threads of the screws 
are made of nn miproved shape, in order to render them more dnrabb 
than the ordinary sqaare thread. ^^ 

If the proportions required differ from those given in the table one 
shilling per inch diameter is charged for alterations to pattenia, bot if 
a number of valvea are ordered st iLe same time from one pattern no 
charge is made for alteration. The valves with four gun-metal faces are 
genraalljr used m the best class of work, and are espeoiallv necensarv for 
withstunding a high pressure. Also for ose with water, which aete 
mjunously on cast iron. ' "".uu.o^w 

If the valves are fltted with metallic stuflSng boxes which require no 
I»iciting the cost is increased as follows :— np to 4 in. diameter, 2» per in ■ 
above ■* in. diameter, 1». 6d. i i™ . 

The costof packing (or Hhipmont is 5 per cent 



PUMPING MACHINERY.— Section 3. 



^37 



Donkin's Scrbw Wateb Yaltes, Fig. 435. 






Bore of valve in mches . . 
Length from fcu^e to face 

flanges oyer all 
Diameter of flanges 
Diameter of circle through centre'^ 

of bolt holes . . . . . . / 

Number of holes in flanges 
Size of holes in flanges . . 
Length over ends of sockets 
Depth of sockets . . 
Per valve, with four g^n-metall 

faces, gun-metal screws and> 

nuts . . . . . . . . I 

Per valve, with four gun-metal 

faces, wrought-iron screws and 

gun-metal nuts 
Per valve, with two gun-metal 

faces, wrought-iron screws and 

gun-metal nuts .. ••) 



2 

n 

4f 

4 



2J 
£2 18 



6 



2i 

8 

7 

5i 
4 



2 15 



2 12 



10 
2J 

£3 7 6 



3 3 



2 18 6 



3 

8 

8J 

6i 

4 

u 

12 
3 



4 

10 

10 

8 

4 

u 

13 

3i 



£3 18 £5 4 



3 9 6 



4 11 



3 10 3 18 



5 
10 

lOi 

8J 

4 

f 
13 

4 
£6 10 

5 14 0. 

4 17 6 






Bore of valve in inches .. 
Length from face to face 

flanges over all 
Diameter of flanges 
Diameter of circle through centre^ 

of bolt holes .. .. ../ 

Number of holes in flanges 
Size of holes in flanges . . 
Length over ends of sockets 
Depth of sockets .. 
Per valve, with four gun-metal | 

faces, gun-metal screws and> 

nuts .. '.. .. ..) 

Per valve, with four gun-metal 1 

faces, wrought-iron screws and> 

gun-metal nuts 
Per valve, with two gun-metal 

faces, wrought-iron screws and 

gun-metal nuts .. ..j 



6 
II 
12 
9J 
6 

13 
4 

£7 16 
6 16 6 
5 17 



7 
11 

14* 
12 
6 



H 
4 

£9 2 



8 6 



7 9 6 



8 

12 

15i 

13 

6 

i 
15 

4i 
£10 8 

9 8 6 

8 9 



9 

13 

17 

14 

6 
1 

16 
4J 

£12 5 6 



11 6 



9 15 



10 

13 

18 

15 

6 
1 

17 

4i 

£13 13 



12 13 6 



II 14 



Bore |0f valve in inches . . 


12 


14 


16 


18 


20 


22 


24 


Length from face to face of^ 
flanges over all .1 ../ 


14 


16 


18 


19 


20 


20 


21 


Diameter of flanges 


20 


22 


26 


27 


29 


31 


33 


Diameter of circle through centre^ 
of bolt holes / 


17 


19 


22 


23 


25 


27 


29i 


Number of holes in flanges 


6 


6 


6 


6 


8 


8 


8 


Size of holes in flanges .. 


n 


U 


n 


U 


U 


u 


U 


Length over ends of sockets 


18 


19 


20 


21 


22 


23 


24 


Depth of sockets 


5 


5 


5 


5 


5 


6 


6 


Per valve, with four gun-metal j 




, 












fiices, gun-metal screws audi 


£17 11 


. • 


•• 


• « 


. « 


• . 


.. 


nuts I 




, 












Per valve, with four gun-metal 1 
faces, wrought-iron screws and 








1 




, 




15 18 6 


•• 


•• 


. • 


•• 


• • 


. . 


gun-metal nuts 
















Per valve, with two gun-metal 
















faces, wrought-iron screws and 
gun-metal nuts •• ..) 


i 14 6 


1 


. • 


• • 


. . 


• • 


• • 








1 


1 


1 
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TATEB KZTERB, BUKXTS AHL ABAKniTB PATraT, Fig. 436. llig meter is 
eonstructad upon the well-known principle of the Barker'B Mill, which haa long been ici use as 
o motive power for working millfl, and for other piirposeB. This is the first ftfiplioalion of the 
principle lo an infltrument for measnring water, which is done withoi^ materiaflj diminiahing 
the velocity or the effective preaaure. The meaamlng medinm conBiata of a dram, working ou 
an upright apindle at the bottom, and in b. collar at the topi The wafer U conveyed by the 
conducting tube into the centre of the dram, and allowed lo escape at three or more ftpertnrea 
on the periphery of the aame, giving lo it a lotary motion. At each revolHtion of ihe drum a 
certain nomber of cubic inoheg of water is delivered, ao that it ia only neceaaary to roister the 
number of revolntiooa to ascertain the quantity ; thia is effected by wheehs and pinlona, and the 
rt«nlt indicated in gallons or feet, npoo a graduated acale. . 



Fig. 436. 

The meters are goaranleed to be &ee from oonstmoUomd defeats and in good working 
condition when delivered, and may be maintained permanently in working order, or replaced at 
an annuSil cliarge of about 10 per cent, per annnm on the coat price, except for repairs due to 
injories of an eitraneona character ariBing from violence or eiposure to froat, the nature and 
enteiit of which cannot be estimated. Water coropanies uauHlly keep Bevetal meters of each 
size in stock bo as to replace any that require eiamination or repair, ratlier than allow tho 
water to pnes unmeasured during tho time the meter ma; be nnder repair. Meters having 
aometimes been damaged by being taken to pieces and improperly put together, the plan 
of aealing them np has been adopted, bo that it shall be evident to the inspector if the seal haa 
been broken. 

As meters are required to register the quantity of water paased through them with 
oouBiderable accuracy, all reasonable preoantiona should be adopted to obtain this result. 
The dirt box ia intended lo prevent foreif^n matter jiaeaing into and injuring them temporarily 
^ weeds, &o,, cloeging the revolving diao, or permanently by eand cutting the working parts. 
The motor ciiae affords great facility for examining or, if iieoz'ssury, changing a metor in a ehurt 
time, and without dlBtnibing the mains or the aurrounding gronnd. 
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SntEBT WATEBHre AFPABATUI, Fis;. 437. The acter amingement, with stand-post 
for itreet watering, na Bbovm. bu been adopted in many largo lowiiB, and from the leanlts 
ubbiiniMl nu^ be considerod tha beat airangement for the pnipose . 



Fig. 437. 








Diameter in incbes 


2 




3 


Water meter 


£7 13 


£9 J5 


£11 7 






I 10 


1 13 






3 4 


3 4 


Sluice cock, with socket ends 


1 15 


2 4 


2 10 














10 


10 


Stand-post with elbow shoe complete for-fiUingl 


2 19 


2 19 


2 19 


Spigot and socket, bolted to each and of meter .. 


7 


8 6 


10 



Patent hiuh-preaaure strong loose valve stop corks, with cast-iron bodies, gnn-melel work- 
ing parts, valve, and seat, maj be had instead of the alnice cock in the above arrangement, 
if proftirod. It is desirable to place the valve and meters on the footpath, or in such a position 
that (hey are not liktly to p;ct the sti-ect dirt in the buxes. 
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¥AT£1IT HTDBAOTS OB TISX OOCKB. Ono of tho many Bdvantagea of a coiutanf bigh- 
pressnre servica is that the whole avaUabte preunre may be made available almost iiutan- 
taneouslj, nitbont waste of water and withoot the nse of Are eDgioes. 

The hydrant or flje cock, F:g 410, is very largely ased for this porpoae, a« well a« for 
watering abeets, and foi the protecUoa of public buildinga, wuebonaeB. luanBioaB, &e,, from 




Fig. HO. 



Fig. 443. 



Are. The hydrant is also naed in railway stations for cleaning caniages, washing ont engines, 
boilers, tenders, and many other purposes. 1 

The pressare on the valve being upwards, the tendency to keep the valve tight inoreoses 
in proportion to the pressure or hesd of water in the pipes. 

The nss OOOK consists of a caet-iron bos or casing, containing a self-acting valvo, closed 



e of the w 



ir -street purposes this casing is attached to a vertical branch 
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of the main, uid when not in xme 

itopper, anil the whale protected liom 
— 1 g fj^ protoctmg 



tiom the water roatn, or by an albow pipe attaohed to the 

the outlet of the vbItb ia cloeed by a looaa oover or it 

injury by ft oast-iron case (Pig. 139), umllAr to the orduary cases 

street cocks or fire plugs. 

PATIHT FIBI COCK, WITH ILBOW ?IF1 for connecting to the end of 2-, 2}-, and 3-in. 
pipes. 16s. each. 

Fig. 443. Sealional view of patent ftre cock, with metal disc Talve A closed- IS$. each. 

Fig. 439. Section of cast-iroD case ot snrtaoe box, made of sach a size as will allow the cock 
to be removed or tepaired without interfering with the snifaoe of the road. 9t. 3d. each. 

If with chained coven, lOi. each. 

Ftg. 410 repiesentG a vertical section of a 2-in. fire cock end copper stand-pipe, attached to 
the fire cock and ready for ose. 

The valve A oonaiBts of a solid gntta-percba ball, or other elaetio snbetance of leas specific 
gravity than water, and cloeed by Uie pressure of the water against a vulcanized india-nibber 

Pn<le, 

If with single discharge outlet, £3 i». 

Fig. 441. The valve A is a metal disc, against a leftther or india-mbber seating, kept 
tight by the pretsnre of the water. The iielicd spring shown hi the engraving ia tntrodnced 
merely to prevent the valve dropping when thers ia no water or pressure in the maius. 

The valve is opened by a detached key or stand-pipe, aimilar to Fig. 440 attached to the 
fire cock, and the prioea are the same. 

Fig. 442. Beotional view of patent fire cook, showing the ball valve A closed, and me of 
the inverted L-ahaped Inga under which the projecting pins at the bottom of the ataud-pipe- 
^ pass wheo sfBxed for nse. I0<. each. 

maH-FaSBBUBX LOOEB VAITE OLOBS BAEBEL wmx cock, rig. 444, ia made of beat 
gun metaL 2} in. Bough, 62>. ; finished, T2>. eftcb. 

Ditto, with cast-iron bodice, and brase woridng parts, and 

gnn-metal hose screw, 2} in., roi^h, 4ga, 

Caps for these oocks in gon metal, 10«. 6d. each. 

JXKTSXB, YIXK BrCKITS, large size, holdlDg about three 
1 gallons, with best aewn top and covered iron rim, 15a. eech. 

Ditto, ordnance pattern, with copper lim, and smaller, 

ISi. Gd. each. 

CASVAB TtaX BUCKZTB, it. 6d. each. 
GALTAKIZZD IBOK SUCKKTS, St. 6d. each. - 




BBASOH PIFZ8. See Pig. 4S3. 
sraiABKB& BeeFig.4S4. 

BIBOKO Sinr-KBTAL mnOH JOmfl, Fig. 445, 
for lead pipe. 

Diani.ininches..| } t i i I 1 1} li 1| 2 
Price per pair ..1/41/62/1 2/52/8 */3 5/-6/- 7/6 

KTBOKe enr-HZTAL tmoir joihtb, Fig. 446. 

one end screwed for iron pipe and the other tinned for 
lead pipe. 



Diam. in inches 
Price per pair.. 


.1. 

1/10 2/8 


3/9 


S/- 


U 

6/3 


2 
»/- 
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Fig. 448. 



Fig. 449. 



GT7V-METAL TTHIOHS, Fig. 447, suitable for 
wrought-iron tube. 




Diam. in inches 
Price per pair.. 


i i 

1/6 ' 2/- 


1 li 

2/9 4/- 


li 

5/- 


2 

8/- 


8TS0HO 0T7V-MSTAL TTNIOKS, Fig. 448, for steam, 
and screwed at both ends for wrought-iron tube. 


Diam. in inches 
Price per pair.. 


i i ' 1 li 
1/10 2/8 3/9 5/- 


IJ 2 

6/3 9/- 


0T7V-HETAL UJliOKS, Fig. 449, for steam, screwed 
inside at both ends. 


Diam. in inches 
Price per pair . . 


i I 

2/» 3/- 


1 

V- 


li IJ 2 

5/6 7/9 12/- 



STRONG GUK-METAL SEBYICE HOSE SCBSWS, 

Fig. 450. 



Diam. in inches . . 
Price per pair .. 


1 

3/6 


n 

5/6 


6/6 


If 

8/- 


2 2^ 3 

9/6 14/- 21/- 



The 2} inch are made to the London Fire Brigade 
gauge. 

■ « • ■ • 

LIOHT OTJK-HETAL SAVXClf TTKIOK HOSE 
SGBEWS, Fig. 451, for connecting rubber or canvas 
pipe. 



Diam. in inches 
Price per pair . . 



1 



1/3 



I 1 
1/82/5 



U 



IJ If 



4/6 5/66/4 



2 

8/- 



2J 
10/6 



OTTN-HETAL HOSE SCBEWS, Fig. 452. 



Diam. in inches.. 
Price per pair .. 



1 

2/8. 



u 

3/9 



5/- 



If 

6/3 



2 

7/3 



2J 
12/- 



3 

17/- 



Fig. 452. 

HALF innOKS WITH SWIVEL SCREWED, for wrought-iron tube, the other end suitable 
for hose or tinned for lead pipe. 



Dinmeter in inches .. 
Price, each .. 



« . 
. * 



1 
1/6 



n 

2/- 



1* 

V- 



2 

5/6 






BIBOnrO HOSE 80KXW8, with copper wire. 



Diameter in inches . . 
Price per pair 



1 

1/- 



u 

1/3 



li 
1/6 



li 

1/9 



2 

2/- 



2i 

2/6 



3 

3/- 



/ 
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Fig. 453. 

» ■ • 

8TB0KO TAPER COFPEB BRANCH PIPES, Fig. 453, with gun-metal nozzles and male 
screw for hose. 



Diam, in inches, suitable for hose 
Price, each .. .. .. ... 



15/- 



16/6 



If 

18/- 



2 
£116 



2i 
£14 



8 

£17 6 




GUK-XETAL SPREADERS, Fig. 454, to attach to copper 
branch pipes. 



Fig. 454. 



Size *• 
Price, each .. 


u 

2/3 


IJ 

2/9 


1| 

3/4 


2 

4/- 



COPPER SUCTIOH ROSES, Fig. 455. 




Diam. in inches^ suit-) 
able for hose ../ 
Price per foot.. 


4/9 


If 

5/6 


2 

6/6 


2i 

8/3 


3 

9/9 



Fig. 455. 

PUMP ZTTTIHOS. 

Iron well rod, with brass couplings and joints every 12 feet. 



Diameter in inch of rod 

Price per foot 


• 

i 

0/8 


i 

0/9 


i 
1/2 


1 

1/4 



Brass couplings only, {, 1/0 ; f , 1/1 each. 
' Brass coupling with iron joint. 



Diameter in inch of rod 
Price, each 



I 

3/2 



i 

4/2 



5/3 



1 

. 7/6 



ROLLER GUIDES, Fig. 456. 




Fig. 456. 



Diam. in inch of well) 
rod .• .. / 
Price, each, single .. 

„ double .. 

„ treble •. 


1 

3/6 
10/6 
15/0 


i 

3/6 

10/6 
15/0 


i 

6/6 
12/6 
17/6 


1 

,8/0 
15/0 
19/6 



CAST-IROK WELL STAGES, Fig. 457, including roller guides and supports for pipe, 4 ft. 
6 in.- long :-^Price, -each, for single pump, £1 Is. 6S. ; ditto, double pump, £1 12«. 6d,; ditto, 
treble pump, £1 19«( 




Fig. 457. 
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GA8T-IB0K WBLL STAGES, tor supporting pump barrels, 4 a 6 in. long. 

Price, each, for single pump, £1 &. ed. ; ditto, for double pump, £1 10«. 
treble pump, £1 14«. 9d. *^ 



^S^ 



WELL SOD BRASSES, Fig. 458, 4«. 3d. per pair. 



Fig. 458. 




COFFEE AIB VESSELS for deep-well pumps, &c. These should be supplied wherever a 
great length of rising main is required, as they assist in keeping up a continuous supply of 
water and reduce concussion in tiie pipe. 

Price, each, for 2^-in. and 3-in. pumps, £15 6; extra stKmg, £1 17 6 



» 



»• 



3J 



n 



» 



1 10 



2 



GAST-IEOK AIB VESSELS, with copper dip pipe and flange. 

Price, each, for 2}-in and 3-in. pumps, £13 
n »f 3j ,t 4 „ 17 6. 

EOBIZOKTAL SHAFTIHG, WITH FLITMICEB BLOCKS AHD JOHTTS, for working pump 
at a moderate distance from well. 

Price for 7 ft. of If in, shaft, with two lever ends, plummer blocks and brasses, £3 38. 
Price extra per foot additional, 2«. 9d, 

WEOTJOHT-ntOK BELL CRANK HOTIOK, for deep-well pump, with wrought-iron joints, 
trunnion, and two plummer blocks, with gun-metal b^u-ings, with arms and joints for shutting 
to rod. 

Price, li in., £2 lOs. ; 1| in., £3 each. 

FTTHF HAKDLES, wrought-iron, straight, with carriage and brass bearings, \slings, copper 
guide rod cross-piece. 



Size of pump barrel in inches .. 




2 






2i 






3 






3* 






4 




Price each«of moderate strength 


£1 


3 





£1 


8 





£1 


11 


6 


£1 


14 





£1 


19 


0- 


„ strong 


1 


11 





1 


13 





1 


16 





2 








2 


5 






WBOTJaHT-ntOK JACK FUMF HAHDLES. 



Size of pump barrel in inches 
Price, each . . 

„ with brass bearings .. 


2J 
£0 3 9 
8 2 


3 

£0 4 2 
9 9 


3i 
£0 6 2 
11 6 


4 
£0 8 3 
14 6 



BRASS STUFFING BOX AND TTjANOE FOR FUHFS. 








Size of pump barrel in inches . . 
Price, each 


2 
£0 10 


£0 13 


3 

£0 16 <i 


3i 
£0 19 


.4 
£1 



BRASS STUFFING BOX AND AIR CHAMBER, on one flange, with copper screws for 
pumps. 



Size of pump barrel in inches 
Price, each . . 


2* 
£14 6 


3 

£19 6 


' 3J 
£1 14 


4 
£2 1 a 



J 
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BRASS AIB CEAXBEB AKD 7LAH0E, with clack and screws for pumps. 



Size in inches 
Price, each 



2 

£0 7 9 



2J 
£0 9 6 



3 
£0 12 3 



3J 
£0 15 



4 

£0 18 



BBAS8 AIB CHAICBEB AHD TAIL PIPE, with clacks and screws for pumps. 



Diameter in inches for pumps . . 

Price, each 

„ for tail pipe and^ 
flange only .. .. ../ 


2 

£0 8 6 

6 9 


2} 3 
£0 11 6 £0 13 9 

8 10 6 


3i 
£0 17 

14 


4 
£1 

17 



CA8T-IB0K FOOT. VALVES, suitable for wrought-iron tube or cast-iron flanged pipe. 



Diameter in inches 
Price, each 



1 
£0 6 3 



£0 7 6 



£0 10 



If 
£0 12 6 



2 
£0 15 



21 3 

£0 18 6 £1 4 







4 
£1 14 



Diameter in inches 
Price, each 



£2 8 0£3 12 



8 
£4 0£4 15 £5 10 



10 



11 - 



£6 £7 



12 
£8 



CAST-ntOH RETAIHIKO VALVE, for vertical pipe. 








Size in inches 
Price, each .. 


2 
£0 18 6 


2i 
£14 6 


3 

£1 16 


4 
£2 7 


5 
£3 10 


6 
•4 5 



BBASS BUCKET, leathered. 



Diameter in inches .. 


• 


2 




2i 






3 




3J 




4 






5 




6 


Price, each, light 


£0 


3 


0£0 4 


0£0 


5 


6 


£0 7 


6 


£0 9 


6 




. * 




• 


„ strong .. 





4 


5 


6. 


7 





8 


6 


10 


6 


1 


2 





1 12 



BBASS SUGKEB BOX. 



Diameter in inches . * 2^ 

Price, each .. .. £0 3 9 



8 

£0 4 8 



34 
£0 5 



4 

£0 7 6 



4i 
£0 9 6 



5 
£0 11 



WOOD BUCKETS AHD SUGKEBS. 



Diameter in inches 
Price of buckets per dozen 
suckers 



i» 



2i 


3 


3i 


4 


4i 


5 


5i 


6 


5/8 


7/- 


8/3 


10/- 


14/- 


15/- 


17/6 


21/- 


J/6 


1/10 


2/3 


8/ 


4/9 


6/6 


7/- 


8/- 




CUP LE&TEEBS It)B FUXFS, Figs. 459 and 460. 



Figs. 459, 460. 



2J 
-/lO 

v- 



Diameter in inches 2 

Price, for buckets each -/9 

„ solid bottoms for plungers „ -/lO 
„ quilted cups for hot liquor\ .^^ - ,q 
pumps each/"/^" ^/** 

Quilting for hot liquor pumps, width .. IJ IJ 
Price per yard i/6 1/9 



3 

VI 

1/3 
1/6 



3J 

1/4 

1/6 
1/7 



4 

1/8 
1/9 

1/9 



If 
1/JO 2/6 



2* 
2/8 



5 

2/4 
2/6 

2/6 



3 

3/- 



6 
3/6 
3/6 

3/6 
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Diameter in inches 

XT A 1C6 • • • • • • 


6/- 


2 

7/6 


2J 

8/6 


3 

11/6 


3* 
16/6 


4 

19/- 


4i 

28/- 



Fig. 461. 



COPPER PVKP ROB, with two brass puts for pumps. 




. 




For pumps, diameter in inches . . ,. 
Price, each 


2 

4/- 


2^ 

4/4 


3 
4/10 


3i 

6/- 


4 

6/4 



COPPER PUMP SCREWS. 

Square heads, 2 in. to 4 in., 6/- per doz ; rouiid heads, 5/- per doz. 



COPPER PXTHP PIPES, for deep wells, tinned all over, with collared joints, very liglit, 
strong and durable, and perfectly pure. 



Diameter in inches . . 
I Price per foot 



li 

1/8 



li 
1/10 



2 ^J I 3 
2/8 ' 3/6 I 5/- 



3J 

6/- 



4 

7/6 



Elbows for ditto, price extra per foot, up to 2 in. 9d., 2i in. and above, 1/3. 



COHNEGTIK0 FLAKOES, for copper pipe, with leather flange and screws. 



Diameter in inches of pipe •• 
Price, each . . 



u 


H 


If 


2 


'2J 


3 


6/9 


7/3 


8/0 


9/0 


11/0 


12/6 



PATENT LEAD ENCASEB BLOCK TIN PIPE. This pipe is perfectly wholesome, and free 
from the poisoning qualities of common lead ; it is lighter, of equal strength and ease in work- 
ing, and less liable to burst from the action of the frost. The price fluctuates according to the 
market value of lead and tin, and the subjoined list is based on ihe present cost of this pipe, 
viz., 40«. per cwt. 



Internal diameter in inches 



Average length of coils, light .. yards 

„ weight per yard . . lbs. 

Price per yard 

Average length of coils, medium yards 

„ weight per yard .. lbs. 

Price per yai3. .. .. 

Average length of coils, strong .. yards 

„ weight per yard . . lbs. 

Price per yaid 



i 


f 


32 


26 


Si 


4J 


1/4 


1/8 


28 


37 


4 


5i 


1/6 


2/- 


25 


33 


4.V 


6 


1/8 


2/3 



i 



36 
5i 

2/1 
33 
6 

2/3 

28 

7- 

2/8 



27 

n 

2/9 

25 

8 

3/- 
22 

9 
3/5 



n 


17 


2 


22 


12 


9 


11 


16 


3/5 

19 


4/1 
15 


6/- 
12 


10 

3/9 

16 


12 

4/6 

14 


18§ 

7/- 
12 


12 


14 


21 


4/6 


5/3 

1 


7/10 



LEAB PTJKP PIPES are made of various strengths, and the price is governed by the 
market value of lead. The cost per foot or for any length can readily be ascertained from the 
following table of weights, the present price being about 22s. per cwt. 

L 2 



APPLEBVS HANDBOOK OF MACHINERY. 
Pkiob of Lkid Pchp Fifes. 



IS, IS, 22, 2S, 28 & SO lbs. 



22, 24. 36, 28. 32. 36 A 46 Iba. 
The above Bizea toe usually made in ooila, 60 feet long. 



8, 36, 42. 48 £ 54 lbs. 



36, 42,48, 52 'ft 61 Iba. 



42, 50. 56, 72 4 84 lbs. 



The above eizes are made 


n coils of36 feet long 












IntBrnal diam. in inches . . 

Weight pw 12 ft. lengths ., 

„ „ 10 ft. „ 


70, 84. es 


2 
84. 96, 112 


120 


3 

108 
120. 150 




Internal diam. iu inches . . 
Weightper 10ft. lengths.. 


135,150.184 


4 
135,160,200 


200,216,234 


. 5 6 

234,254,280 330 lbs. 



'WKOVOHT-IBOIT FIFES, Fig. 462, with wrought or cast-iron flanges trul; &oed aud 
bolt holes drilled to template, nio snitable for nae in an; sitnation where extreme lightnraa is 
desirable, such as in sinMng pomps, for overland transport, ceutrifligal pnmpa for irri^tion. &c. 



Pbices 


V Wbokoht-Ibon Wei-ded Pipe-, Fin. 462. 




Internal diam. in inches 
Price per 3 ft lengths .. 

".9 " '.'■ '.'. 


5 < 6 

£2 5 1 £2 8 

2 16 6 3 2 

3 4 3 11 6 


7 
£3 3 
4 2 
4 14 6 


R 
£3 7 

4 10 

5 6 


£466; 

6 S 6 1 

7 S 6 1 



VntOTtGHT-IBOH lUVEIl'KU FX7E8, Fig. 46!). These plpee are nsed for dmilar parposeg 
to tboee last referred to. they are not so light but will stand rongher uaage, and for this reason 
are snitable for all kinds of contiactoni' work sa well as for mining purpoeea. These pipes are 
made with riveited lap joints longitndinallj, and butt joints, and co«ei plate at centre. The 
flanges tar the smaller sues are formed of stout angle iron rings welded up and rivetted to the 



Fig. 463 

pipe and &iced. The larger sizes have flanges of cast iron. 

with these ^pee are alid&g or telescopic suctiiHi pipe, ball and socket gland joints for carrying 

' " '■ 'vers^ jointed bends or goose — ""■■ ' — 

~ :(ea with a flanged gland, s 
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be turned to deliver in any direction — the doable bend is fitted with a gland at the jnnotion of 
the two bends so that they can be placed in any position relatively to each other. The cost of 
these will be found below. 

Prices of Wbotjght-Ibon Bivetted Pipes, Fig. 463. 



Internal diam. in inches . . 
Price, 6 ft. length, each .. 

q 

„ of flsliding or telescopic suction! 

pipes to slide 5 ft., each .. ../ 

Price, suction pipes to slide 8 ft., each . . 

of ball and socket joint . . 

of universal bends, single 

double 






M 



»> 




6 

£2 2 

3 3 

19 

22 10 

11 

8 10 

10 



7 
£2 10 
3 15 

23 

27 10 
12 10 

10 10 

11 10 







8 
£3 5 
4 10 









26 10 











31 
14 

12 5 

13 10 









iTitemal diam. in inches 


. . . . 


9 


10 


12 


Price, 6 ft. length, each . . 


. . . . 


£4 5 


5 15 


£8 


* » y ,} „ . . [ . . • • 


. • . . 


5 15 


8 5 


11 10 


„ of sliding or telescopic suction pipes to slideJ 
5 ft., each .. .. .. .. .. ../ 


30 


35 


44 


Price of suction pipes to slide 8 ft., each 


. • . « 


36 10 


42 10 


53 


,» of ball and socket joint .. 


. . • a 


16 


18 10 


22 


„ of universal bends, single 


. • . . 


14 


16 


19 


„ „ „ double 


• . • . 


15 10 


18 


22 



LEATHEE DELIVERY AND SUCTION HOSES. 

COPFEB BIVETTED BELIVEBY HOSE, to stand a pressure of from 80 to 100 lbs. per 
square inch. 



Diam. in inches . . 
Price per foot 


1 

£0 15 


£0 19 


If 

£0 2 


2 
£0 2 2 


2i 
£0 2 4 


2i 
£0 2 7 


2f 
£0 3 


3 

£0 3 4 



COFFEE ElVETTEB DELIVXatY HOSE, for steam fire engines, to stand a pressure of from 
120 to 150 lbs. per square inch. The prices include hand loops and straps. 



Diam. in inches . . 
Price per foot 


2 

£0 2 6 


2i 
£0 2 9 


2* 
£0 3 


2f 
£0 3 3 


3 
£0 3 6 


3i 
£0 3 9 


4 
£0 4 5 



COFPEB BIVETTED SUCTION HOSE, equal in strength to 4-ply india-rubber suction hose. 



Diam. in inches .. 
Price per foot 


£0 3 9 


If 
£0 3 11 


1 

2 
£0 4 1 


2J 

£0 4 5 


2^ 
£0 4 11 


2f 
£0 5 3 


3 

£0 5 9 


3i 

£0 6 5 


4 
£0 7 3 



FLEXIBLE SVGTIOK HOSE, bound with copper wire outside, equal in strength to 3-ply 
india-rubber suction hose. 



Diam. in inches .. 
Price per foot 



1* 
£0 3 3 



If 

£0 3 4 



2 
£0 3 5 



2i 
£0 3 8 



2h 
£0 4 



2f 
£0 4 5 



3 
£0 4 9 



COFFEB BIVETTED SUCTION HOSE, with copper spiral wire inside, made veiy strong and 
durable." 



Diam. in inches 
Price per foot . . 



li 
£0 5 9 



If 

£0 6 5 



2 

£0 7 



2i 

£0 7 10 



2i 
£0 8 5 



93 Q 

£0 9 7 £0 10 6 



3J 
£0 12 5 



4 
£0 14 9 



ISO 
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CRAKE PIPES OB HOSES, for water eranes. 



Diam. in inches 
Price per foot 



4 
£0 3 11 


5 
£0 4 8 


6 
£0 5 6 


7 
£0 6 4 


8 
£0 7 1 


9 
£0 7 11 


10 
£0 8 9 



OAHYAS STJGTIOH HOSE, 3-ply and waterproofed, with special composition. 



Diam. in inches .. 
Price per foot 



n 

£0 18 



If 
£0 1 11 



2 
£0 2 2 



2i 
£0 2 6 



£0 2 9 



3 
£0 3 4 



W07EH CAHYAS HOSE (Yoncher's Patent), made without seam, is watertight, resisting 
the pressure of the most powerf al force pmnp ; and is made of any diameter or length desired. 
This hose is suitable for use in tropical climates, no special care being required for its preserva- 
tion, and it is not injured by exposure to the sua. 



Biani. in inches .. 
Price per fcot 


1 

-/9 


-/lO 


li 

-/ii 

•* — 


If 

1/- 


2 

1/1 


.% 


21 
1/3 


2i 
1/3J 


21 
1/4J 


• 

3 

l/6i 



WOVEN CANVAS HOSE, of ordinary quality. 



Diam. in inches 
Price per foot .. 


i 

-m 


-% 


1 

-/5 


li 

-/6 


li 

-A 


li 

-/9 


2 
-/lO 


2i 
-/ll 


2* 

1/- 


2i 
1/1 


S 

1/2 


3i 

1/4 



This hose can be bumetized at 3d. per yard extra, and can be made any size up to 10 inches 
diameter. 



VULCANIZED INDIA-BUBBEB AND CANVAS HOSE, The best quality is made of best 
rubber and cotton for conducting delivery, in 60 feet lengths. One-ply is not intended to worl^ 
with much pressure ; 2-ply will stand 30 lbs., 3-ply 75 lbs., and 4-ply 175 lbs. water pressure, 
per square inch, for hose 1 inch diameter. 



Diam. in inches 


i 


2 


i 


1 


i I 


1 


u 


li 


Price per ft., 1-ply 


£0 5 £0 5 


£0 6£0 7 


£0 8£0 9£0 ll£0 1 1£0 1 -3 


9 


6 


7 


8 00 9 


10 11 1 1; 1 3 1 5^ 


Q 


8 


9 


10 11 


1 1 01 3, 1 5! 1 7, 1 10 


» »» ^ >» 


11 


10 


01 1 


01 3 


0190180110 021 02 4 

1 



Diam. in inches 


11 


2 


21 


2i 


2f 


3 


3i 


Si 


8f 


4 


Price per ft., 1 -ply 


£0i 5£0 1 7 


£0 1 9 £0 1 11 


£0 2 1 


£023 


• • 


• » 


• • 


• • 


9 

»» »> ^ w 


18 1 10} 


021 


02 3 


2 5i 


028 


• • 


• • 


• • 


• • 


>» »» ** J> 


020 02 3 


26 


02 9 


03 


3 3£036 


£0 3 9 £0 4 3 


£0 4 7 


»» »> ' »» 


27 2 10 


05 2 Oa 6 3 10 


042 


046 


4.10 


053 


5 7; 



INDIA-STTEBEE PIBE ENGINE HOSE. 








Internal diameter in inches 
Price per loot, 4-ply 
„ ,t 6 „ 

• 


2 
£0 3 4 

• . 


2i 
£0 3 6 

• • 


2i 
£0 "4 2 


3 
£0 '5 



PUMPING MACHINERY. -Section 3. 



151 



VmCANIZED nmiA-BTTBBEB AlVD CAHVAS SUCTIOK HOSE, with spiral wire inaide, 
suitable for pumps, locomotives and fire engines. 



Diam. in inches 


i 


3 

8 


h 


g 


i 


i ' 1 ' u ' u 


Price per ft., 1-ply 


£0 6£0 7£0 8£0 9£0 11:£0 1 0£0 12 £0 1. 5£0 1 7 


9 


71 8, 10! 1 


12 


1 3 1 4i 1 8; 1 lOi 


r* >» 3 „ 


009; 00 10 01 1 01 2 


14 


016 018 01 ll 


2 2 


>» . »» ^ «» 


010! 01 201 4 01 6 


19 


02 0, 022 025 


2 8 


>» »» " »j 


14 1 6, 1 s; ] 10 


2 2 


02 5 028 02 11 


3 3 


w » 6 „ 


019 111 


02 2 


2 5 


02 8 02 11 032 038 


4 1 



Diam. in inches 
Frioe per ft., 1-ply 
2 
3 
4 
5 
6 



91 
>» 
»> 

»» 



t) 
J? 



>1 
>» 
»t 
»> 



If 

£0 110 

02 2 

02 5 

03 

03 8 

04 6 



2 

£0 2 
02 
02 
03 
04 1 
0411 



1 
5 
9 
4 



2i 

£0 2 

02 

03 



2J 
4 £0 2 7 

9 
1 



2f 3 

£0 2 10£0 3 

3 1! 3 5 3 

03 5 3 9 4 



0310 

04 7 

05 4 



043 
050 



04 
05 



8 
5 



1 
9 
2 
1 



05 
510 



59 06 4 610 



3J 3i 

£0 3 4£0 3 

4 1! 4 

4 7, 5 

5 6> 6 



3f 

8 £0 4 
5. 4 
0' 5 
06 



64 610 7 



4 

0£0 4 4 
9 05 4 

5 510 
7 07 1 

6 08 2 



075 08 1' 0810 096 



VTTLGAKIZED IKBIA-BUBBEB AND CANVAS SUCTION HOSE, with embedded wire for 
steam, hot water, acids, &c. 



Diameter in inches 
Price per ft., 3-ply 
4 



j> 



n 



«» 



^ 


a. 

B 


f 


1 


n 


1* 


If 


2 


2J 


2i 


3 


3J 


4 


1/10 


2/- 


2/2 


2/6 


2/10 3/1 


3/6 4/- 


4/8 


5/2 


6/3 


7/6 


9/- 


2/- 


2/2 


2/7 


2/11 


3/2 


3/6 


4/- 


4/7 


5/3 


5/10 


7/3 


8/9 


10/3 



SOCKET FIFES FOB WATEE OB OAS. These pipes are tested before leaving the works. 
I and 1 inch to 200 feet, and 1} inch and above to 300 feet, of water pressure. 



Internal diameter in inches 


f 


1 


1 


1 


li 


li 


Length of pipe, exclusivel 
of faucet, in ft / 


4J 


4i 


« 


6 


6 


6 


Average weight of pipe owts. 


14 


16 


20 


22 


26 


12 


Price per ton 


£9 


£8 10 


£8 10 


£8 10 


£7 15 


£7 


„ per yard 


9 


10 


Oil 


10 


11 


1 



Internal diameter in inches 
Length of pipe, exclusive^ 

of faucet, in f t. . . . . / 
Average weight of pipe cwts. 
Price per ton 

„ per yard 





li 




6 





1 7. 


£7 








1 1 



If 

6 

18 

£7 

12 



2 

6 

1 14 
£6 12 6 
13 



2 

6 

1 22 

£6 12 6 

1 3 



2 




2 


6 




6 


2 

£6 12 

1 



6 
S 


2 6 

£6 12 6 

1 10 



Internal diameter, in inches 


2J 


2i 


2i 


^ 


3 


Length of pipe, exclusive^ 
of faucet, in f t. . . . . / 


6 


9 


9 


9 


9 


V 










Average weight of pipe cwts. 


2 


3 


3 7 


3 21 


3 14 


Price per ton 


£6 10 


£6 10 


£6 7 6 


£6 7 6 


£6 7 6 


„ per yard 


17 


18 


19 


2 


1 11 
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SooKET Pipes for 


Watbb OB GAB—eontinued, 




Internal diameter in inches 


3 


3 


3 


8J 


4 


Length of pipe, exclusive^ 
of £Eiaoet( in feet ../ 


9 


9 


9 


9 


9 












Average weight of pipe, cwta. 


8 21 


10 


1 10 


1 14 


1 1 21 


Price per ton 


£6 5 


£6 5 


£6 5 


£6 5 


£6 2 6 


„ per yard 


2 


2 1 


2 8 


2 5 


2 10 



Internal diameter in inches 
Length of pipe, exclusive oft 
faucet, in feet .. ..I 
Average weight of pipe, owts. 
Price per ton 
per yard 



n 



4 

9 

12 7 

£6 2 6 

2 11 



4i 

9 

1 2 12 

£6 2 6 

8 8 



5 

9 

1 3 14 

£6 

3 9 



5 

9 

2 

£6 

4 



6 

9 

2 1 14 

£6 

4 9 



COHITBCTIOKS FOB GAS AND WATXB PIPES. 

Bends, tees, branches, water traps, &c., f in. to 1| in. lis, 6d, per cwt. 

IJ „ to 2 „ 12«. ed, „ 
2i „ to 6 „ 10«. 6d. „ 

Price of pipes, if coated with Dr. Smith's patent solution, 9 ft. lengths, 68. extra ; 6 ft. lengths, 
Is. 6(2. extra ; connections 10s. per ton extra. 






•* 



»> 






SOCKET PIPES,, WITH TUBNED AHD BOBED POIHTS, for water or gas. 



Internal diameter in inches . . 


1 


IJ • 


2 


2J 


2J 


Length of pipe, exclusive of faucet, ) 
in feet f 


6 


6 


6 


6 


6 


Average weight of pipe, cwts . 


10 


17 


1 20 


2 2 


2 8 


Price per ton .. 


£9 7 6 


£7 15 


£7 7 6 


£7 5 


£7 5 


„ per yard 


12 

1 


13 


17 


1 10 


2 



Internal diameter in inches . . 


2i 


3 


3 


3i 


4 


Length of pipe, exclusive of faucet,"! 
in feet / 


9 


9 


9 


9 


9 


Average weight of pipe, owts. 


3 12 


3 21 


1 12 


1 20 


1 1 18 


Price per ton .. 


£7 2 6 


£6 17 6 


£6 17 6 


£6 17 6 


£642 6 


„ per yard 


2 1 


2 2 


2 7 


2 9 


3 1 



Internal diameter in inches . . 
Length of pipe, exclusive of faucet,\ 

in feet / 

Average weight of pipe, cwts. 
Price per ton .. 

„ per yard 



4 

9 

1 2 21 
£6 12 6 
3 9 



4J 
9 

1 2 21 

£6 12 6 

3 9 



5 

9 

1 3 21 

£6 10 

4 3 



5 

9 

2 7 
£6 10 
4 6 



6 
9 

2 1 21 

£6 10 
5 4 



WATEB TBAPS, mounted. 

18} in. deep by 8 in. wide, } In. to 2} in. lOs. ed. each. 

4} „ £1 4«. Od. 



17 


>i 


»> 


10 


t> 


3 


»i 


25 


n 


» 


14 


tt 


5 


» 



6 



19 



£2 9s. Od. 



»» 

n 
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FLAHGED FmS. 

• 












• 


Internal diameter in inches . . 


ij 


2 


2J 


2J 


3 


3 


Length of pipe, exclusive of 1 
&ucet, infeet .. ../ 


6 


6 


6 


9 


9 


9 














Average weight of pipe, owts. 


14 


1 16 


2 11 


3 15 


10 


114 


Price per ton . . 


£9 5 


£8 12 6 


£8 5 


£8 


£7 15 


£7 15 


„ per yard 


14 


018 


2 6 


0^4 


2 7 


3 4 



Internal diameter in inches . . 
Length of pipe, exclusive of| 
faucet, in feet . . . . / 
Average weight of pipe, owts. 
Price per ton 
per yard 



>» 



•• 



3i 


4 


9 


9 


1* 21 

£7 15 

3 1 


1 1 16 

£7 15 

3 7 



5 
9 

2 14 

£7 12 6 
5 5 



6 

9 

2 2 7 

£7 12 6 

6 6 



6 

9 

2 3 

£7 12 6 

7 



COHinSCTIOHB FOB FLAHGED FIFES. 

Bends, branches, tees, &0., 1} to 2 in. at 12«. ed, per cwt. 
„ „ „ 2i „ 6 in. „ 10». 6d. „ 

TirBNING OB FAOIKG FLAHGSS. 1} to 2 in. at 6(i ; 2} to 4} at 1«. ; 5 to 6 in. at U, 6d,f 
per pipe or connection. 





■r 

I 






i 







«,.<4i^.^ 



'''''mms^i^g^ 



Fig. 464. 



WBOTJOHT-IBOK TUBES ABB COBBECTIOHS FOB GAS, STEAM, OB WATEB. 
Fig. 464, References Nos. 1 to 19. 

The tubes referred in Fig. 464, and in the accompanying list, are intended for conveying 
gas,- steam, water, or any other fluid which does not act injuriously on wrought iron. In 
estimating the cost of such pipes and connections, it should be borne in mind that l^e prices of 
piping for pressures exceeding 50 lbs. per square inch are higher than for ordinary gas pipe. 
When the discount (which varies according to the price of iron) is 50 per cent, off gas piping, 
the discount off steam piping is 34 per cent. So many varieties of reducing tees, elbows, and 
sockets are made that it woi^d be impossible to tabulate them, but the prices may be taken as 
the same as ordinary connections of the largest of the outlets. 
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PUMPING MACHINERY.- Section 3. 



Fig. 4S5. 

CAST-IBOH TANZS, Fig. 16.^, are nsuallj made in plates about 4 fuet Bqiure, with ioteinal 
flangea. and | in. thick, but they can be made lajger. smaller, or thicker, as may be reqaiied. 
with iuCernai or external flan:i>-s, and with round ra square comers. Tlie subjoined qaolationa 
are bHsed on the present value of metals, the tanks are flttud together, and the necessary lank 
bolts and wrought-iron stays are substituted 09 well ae iron comont for caulking, the plates are 
painted one coat of oil ooloar, and each plate is mackei! to facilitate erection at destination. 



Lenathinfeet .. 


4 


8 


8 


12 


12 


12 


Breadth 


1 


4 


8 


4 


8 


12 




4 


4 


* 


4 


4 


4 


No. of gallons .. 


400 








2400 


3600 


Price oomplete, as des-l 

cribed,each .. ..J 


£14 6 


£23 2 


£39 12 


£31 17 


£46 2 


£52 


Length in feet .. 


4 


8 


8 


12 


12 


12 


llreadth 


4 


4 




4 


8 


12 


Height 


S 


8 




8 


8 


8 


No. of gallons .. 


800 


1600 


3200 


2400 


4800 


7200 


cribed,eaoh .. ../ 


£26 4 


£39 13 


£60 17 


£48 8 


£66 7 


£74 16 



CA8T<IB0N TAITE PLATES, fitted raady tot ereoting. including holts, stays, and cement 



I ThiokuesB of plates in inches 
' Prioe per ton . . 



OABI-IBOH T AHK JIAIZ8, pl ain ca stings, not fitted. 



The ooet of planing flanges of lank plates is about £2 per ton, varying aooording to the 
weight of plates and tho widtb of flanges. 

nBCQIAE TABZB, £11 to £13 per ton, according to the size required. 
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WBOUQHT-IBON tAHX BOLTS, with square necks and square nuts, and washers. 



Size in inches . . 
Price per gross 



£0 18 



i 

£10 



£12 



£14 



X 2 in. to 3 in. long 



WBOnOHT-QtON OALVAHIZED HOT WATER TANKS, with manhole and ooYers bolted, 
down. 



Length 
Breadth 
Depth 

No. of gallons 

Price, made of plates ordinary^ 
strength . . . . . . .,) 

Price if Jth plate 



1 ft. 10 in. 

1 ft. 4 in. 

1 ft. 4 in. 

20 



£1 11 
1 18 




6 



2 ft. in. 

1 ft. 4 in. 

1ft. 6in. 

25 



£1 14 
2 2 



6 
6 



2 ft. in. 

1 ft. 6 in. 

1 ft. 8 in. 

30 

£1 18 

2 6 3 



2ft. Tin. 

1 ft. 6 in. 

1 ft. 8 in. 

40 

£2 4 

2 14 



2 ft. 7 in. 

1ft 7in. 

2 ft. in. 

50 

£2 10 

2 19 6 



Length 


2ft. Sin. 


2 ft. 10 in. 


3ft. Oin. 


3ft. Oin. 


3ft. Oin. 


Breadth 


•1 ft. 8 in. 


1 It. 10 in. 


2ft. Oin. 


2ft. Oin. . 


2 ft. 2 in. 


Depth .. .. .. 


2 ft. 2 in. 


2ft. 2in. 


2ft. 2in. 


2 ft. 5 in. 


2ft. 6in. 


No. of gallons 


60 


70 


80 


90 


100 


Price, made of plates ordinary) 
strength .. / 


£2 15 


£3 6 


£3 8 3 


£3 17 


£4 3 9 


Price if Jth plate 


3 12 6 


3 19 9 


4 3 9 


4 10 9 


4 18 



WBOUOHT-ntON GALVANIZED OIBCULAB TANKS, with angle iron rings round open top. 



Diameter .. 


23 in. 


28^ in. 


30 in. 


83 in. 


36 in. 


Height 


36 in. 


36 in. 


40 in. 


52 in. 


55 in. 


No. of gallons 


50 


75 


100 


150 


200 


MrixCO •■ .. .. .• 


£1 17 3 


£2 2 9 


£2 8 3 


£3 6 


£3 19 9 



WBOUOHT-ntON CIBCULAB TANKS, made for export, to nest inside each other for 
convenience of stowage, with stays and loose covers. The dimensions given are those adopted 
by the Author's firm, but they may be varied to any extent desired. 



Diameter 
Height 
No. of gallons 
Prioe, painted 



3ft. Oin. 
2 ft. 3iD. 

100 
£6 



3ft. Oin. 
3 ft. 6 in. 

200 
£10 10 



4ft. Oin. ■ 
4ft. Oin. 

300 
£12 15 



4 ft. 6 in. 

5 ft. 3 in. 

500 
£21 



5 ft. in. 
6a3in. 

750 
£27 



Diameter 
Height.. 
No. of gallons 
Price, painted . . 



5 ft. 6 in. 
7 ft. in. 

1000 
£30 ' 



Oft. 6 in. 
8ft. Oin. 

1500 
£40 15 



7 ft. in. 

8 ft. 6 in. 

2000 
£45 15 



8 ft. 6 in. 
8 ft. 6 in. 

3000 
£60 10 



Gun-metal draw-off cocks and iron overflow pipes, from £2 38. to £2 18^. 6d. each tank. 
Square or oblong tanks of the same thickness and contents, average about 20 per cent more 
than the round tanks. 

WBOUGHT-IBON TANK FLATES.~For convenience of shipment and transport, tanks 
similar in appearance to Fig. 465 are made entirely in wrought iron. They are worth about 
£20 per ton, but in many cases the reduction in weight of parts, and the freedom from risk of 
hresLKAge, far outweighs the disadvantage of the extra cost. 
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FILTRATION. 

Mnoh attention ba« been given dnriui; the last few years te tJiia very important question, 
end it is now generally adnitted that the health and often tbo lives of large nutsses of people 
depend very greatly upon tlie purity of the snpply of drinkin/f water. It would ho beyond the 

Srovince of a work of this dmracter to enter minutely into Che aubject of filtration for ordinary 
omestio pnrpoeeB, but when the storage of large quantities of «ater and pumping machinery u 
ander consideiatinn, many occasions must arise, particularly in foreign countries and in the 
colonias, where mfonnation on this subject is not readily accessible. In auch cases the 
subjoined remarks, Illustrated by engravings selected from well-known systems of titration, 
will probably be nsetut. 

SFOKOT IBOH TANK FILTER, Figs. 466 to 469, show * system of pumping water by 
filtration, through spongy iron or metallic iron reduced &om an oxide vrithont fnuou, and 
therefore in a loose spongy stale. Aooesa is readQy obtained to all parts of the filter fur 
cleaning or renewing the filtering materials. 



Fig. 466 is a sectional view of a tank with the filter (a) in position, fitted with eypbnn 
(over (6), pipe frcm filter to regulator (c), stop cock (d), air tuije <i), tap lor nnflltcred water 
(JX air vent to cover (o). Two feet of water (when the cistern is full) is sufficient for all sizea 
rtf filters. Tlic space from topof ciatcm to ceiling should be not less than S2 inchea. 
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F^. 469 ia a sectional viev of tlie Alter, and sliowa clearly its conatruotion and worhjog. i 

Fig. 467 iJIngtmteB the raseryoEr for filtered water (ft), regulator onoloBed in gUsa veaael (g), \ 

stop fock (e and/), pipe to Waste for waahing filter (k), pipe for oonTeying filtered water aa j 

Kquired (I), reeervoii stand (m), and fiStered water tap (n). \ 

To wnah the filter on starting, or when renewing the materials, close tha atop-oocka e and f . 

and open d and/, so that the water dnea not paaa throogh the regulator. The pipe I must bo 1 

in connection with a branch pipe leading to the deliverr tap. When commencing to oae the 
filter, or in caac of stoppage owine to an inauScient aupply of water in the cistern, the filter ' 

mnst be oovared with water, and the air vent (0) unscrewed and the cover (b) pressed down ' 

Dntil air ceases to eaeape. The cap (0) must be securely replaced. For filtering waler, abut I 

off atop-coob (f) and open the cooks d, e and/; the tap(j) for supplying aofilterea water ia so 
placed aa tn give warning when the water in cover (b) is low. When tbis oocnra the cock {d) 
should be dosed. 



Fig. 46T. 
Tlie vertical distance from the regulator to tbo mean level of water in the ciatem should be 
about 6 feet, or the regulatora must be specially prepared for a diS'ercnt level. It is necessary 
to bear in mind that the slower the speed of filtration the greater is the degree of purification 
obtained. The fillered water can readily be iced. Fig. 469 ia an enlarged view of the 
r^nlator (3), 

Friobs or Feltbks (Figs. 466 to 469X including filter, complete with chu-gcs, cover to 
filter, regnlator arrangement, stiipHiooks (excepting j';, and a atene-wator reiiervoir (contents 
12 gallons) with stand. (See page 160.) 

Wben necessary the tabing ia provided, and experienced workmen are sent out to fix and 
start these fillers, the cost of this work being in all cases an addiliomil charge. 
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Begolated to ]ie1d in 24 hours 


25.g«aiooe each 

50 > „ .... 

75 


£8 8 

10 

11 10 



Fig. 170 is a form of filter where the iioD dissolved by the passage of watei through spongy 
iron is not required to be separated, or where it is intended to be temoved by Bwbaidence in a 
second tank. A reptesenta the space above the nnfiUered water; B the unfiltered water; 
the bed of spoogy iion ; H the supply pipo ; I the ball-cock ; E the outlet for filtered w^er, 
and L the perforated fiibe bottom. 



Pig. 470. 

Another kind of filter, similar in construotion to Fig. 170, is made in which the walw passes 
out free from iron, Theso are proyided with three layers of prepared saud immediately under 
the bed of spongy iron (o). The cost of this system of filtratiou raries according to the size of 
tank and the number of gallons required to be filtered. 

Ten tons of spongy metallic iron are sufficient to purii^ in 21 hours 10,000 gallons of 
ordinary Tlianies water for drinking purposes, or at the rate of 1660 gallons per hour, equal in 
bidk to about 200 ouhic feet The filters m&y be constructed of brickwork, wood, or other 
suitable material The layer of spongy iron should be 9 to 12 inches thick. 
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ATKINS' TAKE FILTEB, Fig. 471. In this eystem of filtration an earthenware or 
galvanized iron hollow cylinder is used, the ends being moveable to facilitate cleansing. The 
cylinder is fitted with blocks of pure charcoal, surrounded by loose charcoal to effect a rough 
filtration first ; the water passes through tliis to the central pipe, and water can be drawn at 
any time. These filters are supported on legs to keep them out of the sediment, which naturally 
falls to the bottom of the cjstern ; all the fittings are of galvanized iron. The water enters the 
filter at all parts of its surface, and undergoes two filtrations : firstly, through loose charcoal ; 
and secondly, through the carbon blocks placed in the centre of the filter; and it is drawn from 
a perforated pipe passing through the centre of the carbon block ,* therefore the process is a 
combination of upward, downward, and lateral filtration. This filter is made with a flat 
bottom for shallow cisterns without extra cost. 

For the supply of single drinking taps, all that is necessary is to place the filter of a size 
according to that of the tieip to be supplied on the bottom of the ^cistern, and connect it by 
means of a short piece of pipe to the tap from whence the water has to be drawn, or to the pipe 
which supplies the tap, as the case may be. An ordinary plumber can do this. 

Pbices op Single Cistern Filters, Fig. 471, adapted to supply single drinking taps. 



No. 


1 


» 


2 


» 


3 


»» 


4 


»» 


5 



Small size, to supply one g" draw off tap 

Lentrth, including union, &c., 24" by 11" diameter. 

Small size, to supply one J" drkw-off tap 

Length, including imion, &e., 30" by 11" diameter. 

Medium size, to supply one J" draw-off tap . . 

Length, including union, &e., 36" by 14" diameter. 

Second medium size, to supply one *f " tap or ^" tap and boiler 

Length, including union, &c., 36" by 16" diameter. 

Large size, to supply one 1" tap or |" tap and boiler 

Length, including union, &c , 45" by 18" diameter. 



£3 





4 





5 5 





7 10 





9 10 


' 



COHPOTJin) SYSTEM OF FUTBATION.— This is a new arrangement of plate filtration in 
combination with the cistern filter, Fig. 471, and has been used for treating the whole water 
supply for large establishments in this country and abroad. It is stated that by this process 
the most impure water may be converted into a pure and wholesome supply, also that the 
choking of boilers is prevented, and there is comparative safety from the danger of infection 
through the medium of sewage contamination in water. The advantages of this system are : — 

1. — The water undergoes five distinct and independent filtrations, each separate process being 
graduated in accordance with the special characteristics of the water to be purified. 

2. — The arrangement can be constructed on any scale and adapted for the supply of the largest 
establishments. 

3. — ^All tlie parts can be cleaned without disturbing the supply, and every separate part can be 
instantly removed, and duplicate parts "substituted where removals are required. The 
whole apparatus can thus be kept in thoronu;h working order by an unskilled workman, 
and at a small outlay for fresh materials only. 

Fig. 472 gives plan and sectional elevation of the compound filter. It is divided into two 
parts : firstly, a cistern containing the preliminary filtering apparatus ; and secondly, a cistern 
containing a set of carbon cistern filters. The process is as follows : the water enters the first 
cistern by a ball cock at A, and passes through porous charcoal plates in the frame, B placed 
upright across the tank. It then passes through a body of loose charcoal C ; next through 
another set of plates D with fine granulation, and then by the cock E into the second or larger 
cistern containing the cistern filters. So soon as a tap is turned on below, water passes through 
the cistern filters FF into the general supply pipe of the house, thus undergoing two more 
filtrations at the last moment. The waste pipes are shown at W. The plates can be cleaned 
without removal, and duplicate p€U*ts can always be obtained 

In order to carry out a complete system of sanitary water supply, it is advisable that the 
apparatus should be placed in an elevated position, so as to command the whole of the establish- 
ment. It is then securely connected to the main supply pipe, and the whole of the water 
entering the house must undergo thorough and proper filtration. 

Although it may be fairly urged that in most large cities the water supplied is fairly pure, 
it is not always suitable for drinking or culinary pu>poses ; and it cannot be denied that, 
although pecuniary outlay has not been spared in the constr notion of wells, pumping-machinery, 
&c., many mansions, and even whole districts, are sa'lly in want of that most necessary of ail 
things, pure water. In many easels such as when the water is charged with iron or lime, the 
cost of having a filter fitted on the main supply wilf more than recoup itself in the increased 
durability of the i)iping and boilers about the establishment. 

M 
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Tiie coat oF thia sjatem of filtration ie governed by the qDaiitlt3| of water il h requiied t 
filter in a given time, and there are bo mauy conditions to fulfil, that it lb impossible to give an; 
geoentl intoruiation as to coat. 



the to 

com . „ ..„...-.,. .the 

well, worked bj a horse or ponj ; a large storage tani at the top of the wator towor, containing 
a reserve of water — this should be large enciusli lo be of service in case of fire ; and a compound 
liltering upparatua as before described, placed in n separate chamber, where access can alwaja 
be had to it for cleaning, &c. 

Galvanized iron pipes carry the water from the filtering apparatus to the main pipe 
snpplyinK the house, and to large cocka placed in the yard or elsewliero. In this arrangement, 
thoug:ii the pipes and cooks may be of large size, a oontinuoiu supply of Blteied water can be 
maintnincd. 
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A water tower thus coaslrunted may be made to serve other purposee them tliat of balding 
the tnnka. The gronnd floor and fIrGt floor can be available for stornge purposes, the tiro iippvr 
stories only being occupied by the tanks and alters. 



ziit, 
itho 

Iha 
rith. 



A general amngemcot of this kind is pHsily modified to suit local conditions. In some 
rases sttam power iiniy be profitiiblj used insleail of liorse power, the lower part of the water 
tower fomiiig the engine and boiler liouae, the room above bung nsed for light uiacbiiiery such 
as corn crushers, flmir luillK, cliaJTcuthT, las., driven b; the same engine as is uBed for pumping. 
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USEFUL TABLES AND MEMOEANDA EELATING TO PUMPING 

MACHINEEY. 

Table of Power required to raise Water prom Deep "Wells. 



Gallons of water raised per hour . . 

Height of lift for one man working on crank, in feet 

one donkey working on nm „ 
one horse working on gin ,, 
one horse-power steam engine „ 






200 


850 


500 


650 


800 1000 


90 


51 


36 


28. 


22 


18 


180 


102 


72 


56 


45 


36 


630 


357 


252 


196 


154 


126 


990 


561 


896 


308 


242 


198 



This table is based on the assumption that a good class of well pump will be used of the 
treble or double barrel type, of lift pumps witli valves in the buckets, and an additional 
retaining valve for lifts above 100 teet. 

Useful Numbers for Singbe-Acting Pumps. 

D= Diameter of pump in inches. 

S = Stroke of plunger, or piston, in inches. 
D* X S X .7854 = cubic inches per stroke. 
D2 X S X .002833 = gallons per stroke. 
D^ X S X .0004545 = cubic feet per stroke. 
D2 X S X .02833 =r lbs. of fresh water per stroke. 

Useful Memoranda relating to Waterworks. 

The consumption of water in non-manufacturing towns may be estimated at 16 gallons per 
head, but in towns where tliere are many factories at least 20 gallons per head should be 
allowed ; the mains should be at least large enough for double the average supply, and in 
designing waterworks the probable increase of population and the levels of ground in the 
immediate neighbourhood of the town should be carefully considered and provided for. 

In England impounding reservoirs should be large enough to contain from 120 to 200 days' 
supply, according to the average rainfall in the district to be supplied. 

Service reservoirs should contain at least three diiys' supply. 

About 60 per cent, of the total rainfall is estimated to be available for storage in England, 
but a loss of about 10 per cent, of this should be allowed for overflow of storm water. 

A series of observations made by Mr. Dickinson, and extending over eight years, show that 
the average infiltration in England was 42.4 per cent of the whole rainfall, and that the 
amount varies greatly according to the season. 



November, December and January 
February, March and April 
May, June and July . . 
August, September and October . . 

Totals 

1 


Mean fkll. , 
inched. 


Mean inflltraiion. 
inches. 


Per centage. 


7.325 
5.044 
6.356 
7.889 


6.. 370 
2.930 
0.189 
1.805 


86.9 

58.0 

2.9 

22.8 


26.614 


11.294 


42.4 



The eight years referred to in the above tables appear to liave been rather below the 
average English rainfall, which is generally estimated at about 42 inches: much, .however, 
depends upon the district. Mr. Dickenson's observations were made in the neighbourhood of 
Watford, where the soil is sandy gravelly loam overlying chalk. 

Mr. Prestwick estimates the amount of infiltration "in three of the principal water bearing 
strata surrounding the metropolis, as follows : — 



Lower tertiary sand 
Upper green snnd 
Lower green sand 



Mean annual rainfall. 



25 inches. 

28 

26i 






Mean infiltr.it ion. ' Per centage. 



12 
10 
16 



48 
36 
60 



^Ir. Stephenson estimated the mean infiltration round Watford at 44.8 per cent. 
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The mean daily evaporation in England is .08 inch, or over 50 per cent, of the rainfall, but 
evaporation varies according to the district, being considerably greater on undulating rocky 
districts than on flat countries. ) 

Formula to find Hobsb Power op Pumpin<5 Engines. 

G = the number of gallons required per hour. 
C = the number of cube feet required per hour. 
F = the height in feet to which the water is to be raised. 
= horse power. 



Then = — 



Gx F 



198000 



or = 



CxF 
31750. 



About 70 or 80 per cent, must be added to the number obtained by above formula to allow 
for friction leakage and other contingencies; the result obtained by the formula is not in 
nominal but actual horse power (33,000 ft.-lbs.) 

Filters for Waterworks. 

1 square yard of filter bed should be provided for each 700 gallons required in 24 hours, 
and the filter bed should be 6 feet in total depth, composed as follows : — 

2 feet 6 inches of fine sand. 

6 inches of course or common sand. 

6 inches of shells. 

2 feet 6 inches of gravel. 

Perforated pipes or culverts built of perforated or very porous bncks should traverse the bottom 
of filter beds to collect the filtered water ; air pipes should be provided on these culverts to allow 
air to escape. The fine sand forming the top stratum of filter beds should be frequently washed, 
and to enable this to be done without interfering with constant supply, a spare bed should be 
provided. 

Useful Memoranda relating to Water. 
Weight, Volume, &g., of Water at the Four Principal Temperatures. 



Freezing point under 1 atmosphere . i 
Point of maximum density . . 
Point of British standard of weight . . 
Boiling point under 1 atmosphere . . 


Temperature. 


Weight. 


Volume of lib. of 
water. 


Fahren- 
heit. 


Centi- 
grade. 


Cubic ft. Cubic in. 
IbK. lbs. 


Cubic in. 
ozs. 


Cubic 
feet. 


Cubic 
inches. 


32° 

39-1° 

62° 

212° 


0° 

4° 

16-66° 

100° 


62-418 -03612 
62-425 -036125 
62-355 -03608 
59-640! -03451 


0-5779 
0-5780 
0-5773 
0-5522 


•016021 
•016019 
•016037 
•016770 


27-684 
27.680 
27-712 
28 978 



It may be here remarked that the standard used in France for comparing the specific 
gravity of solids is pure water at its maximum density, or 4° centigrade ; this should not be 
overlooked wtien using French tables of specific gravities. 

Sea water contains on an average aooat 3-44 per cent, of solid matter, but it varies 
considerably, the water ^f the Bed »ea containing 4 3 per cent, and that of the Baltic 5 per 
cent. A cubic foot of average sea water at the standard temperature weighs 64 lbs., and its 
specific gravity as compared with fresh water is 1-026. 

1 gallon of water at the standard temperature (62° Fah.) weighs approximately 10 lbs. 
35*9 cubic feet or 224 gallons „ „ „ 1 ton. 

1*795 cubic feet „ „ „ 1 cwt. 

•449 cubic feet „ „ „ 1 qr. 

1 cubic yard „ „ „ 15 cwt. 

1 cubic metre „ „ ,, 1 ton. 

A pipe one yard long holds about as many lbs. of water as the square of its diameter in inches. 
A pressure of 1 lb. per square inch is equivalent to a head of water- of 2*3093 feet. 
« ., „ ,. «» V 27*71 inches. 

„ 14 7 lbs. or 1 atmosphere 



«» 



•> 



»» 



n 



t* 



»» 



» 



»> 



»♦ 






» 



V 






33-947 feet. 
10-347 metres. 
1 foot. 
100 feet. 



0-433 lbs. 

43-3 lbs. 
For the theoretical velocities due to various heads and memoranda relating to rainfall, &c., see 
tables at the end of Section 1. 

M 3 
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Formula to Asoebtain the Time Bbquibed to Fill and Euptt Tanks, &c. . 

Time employed in filling and emptying tanks or cisterns when the supply and consumption are 

going on simultaneously. 
G= gallons of water running into tank per minute. 
g= „ runninoj out 

G= contents of cistern in gallons. 
F= minutes required for filling tank. 
E= „ » emptying tank. 

P = ^ E= C 



»» 



G— g 



g-U 



Time employed in emptying tanks with vertical sides, the water flowing from a hole in 

the bottom. 

A = area of surface of water in square inches. 

a = area of orifice in square inches. 

D = depth of tank in feet. 

£= minutes required for tank to empty itself. 

E=^'^^ 

222 a 



Jets of Water under Pressure. 



Ratio of compression in air vessel 
Height of jet of water in feet . . 
Pressure in lbs. per square inch 
Equivalent head of water in feet 



I • 



* 


J 


i 


1 


J 


» 


i 


1 


33 


66 


99 132 


165 


198 231 


264 


30 


45 


60 


75 


90 


105 120 


135 


69 


104 


138 

1 


173 


208 


242 


277 


311 



1 

297' 
150! 
346' 



The heights refer to fire-engine jets or jets of a similar character. 

The loss due to friction naturally varies according to the length of piping an*! the form and 
diameter of the nozzle employed, the number of bends in the piping ; irregularities in the 
internal surfaces of the pipe also affect the friction. 



X 
F 
V 
A 




Flow op Water in Sewers. 

area of sewer in square feet divided by wetted perimeter in feet, 
fall of sewer in feet per mile, 
velocity at which sewage flows in feet per minute. 
: area in square feet of cross section of sewage, 
cubic feet of water delivered per minute. 



V = 55VXx2F 



CrrVxA 



Oentripcgal Pumps. , 

S = the speed of the periphery of disc or fan in feet per second. 

H = the height in feet to which water is to be raised including allowance of 20 per cent. 

for friction. 

S = l-25V64-3xH 

Although the e£9ciency of a well designed centrifugal pump working against a low lift (up 
to 20 feet) may be as high as 75 or 76 per cent., it is not safe to estimate their average efficiency 
above 50 per cent., the form of blade (curving backwards) introduced by Mr. Appold gives 
decidedly the most economical results, having been proved by experiment to be superior to 
straight radial arms, straight arms placed at an angle or to the double curved form advocated 
by the late Professor Bankine. 

Friction op Water in Pipes. — ^The tables given on the two following pages are calcu- 
lated from Weisbach*s formula (given at the end of Section 1) for pipes 100 feet in length, and 
give : — 

(1) the velocity of the water in feet per second. 

(2) the internal diameter of the pipe. 

(8) the head in feet required to overcome the friction ; and 

(4) the number of cubic feet delivered per minute. So that ^hen any two of these four 
quantities are given the others can be found. 
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WEIGHTS, OF 9 FEET LENGTH, OF FLANGED CAST-IRON PIPES OF 

VARIOUS DIAMETERS. 



Diameter 


Thickness 


of Bore. 

■ 


of metal. 


Inches. 


. Inches. 
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3 


i 


4 


i 


5 


i 


6 
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i 



9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



f 
f 
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B 



7 



Diameter of 
Flange. 



Inches. 
6§ 

9^ 

12 

14 
15 

l«i 

17^ 

19 

20 

21 

22 

23 

2^ 

25* 

26* 

28 

29 



Thickness 
of Flange. 



Inches. 



5 
B 



f 



1 
1 

u 
lA 
li 
li 

li 
li 

lA 
ifs 
li 

if 



Diameter of 

Circ. through 

Holes. 

Inches. 

4f 

6 

71 

8f 
10 
111 
12f 
14i 
15* 
16f 
17^ 
18f 
19| 
20| 
22 
23 
24 
25 
26 



Diameter of 
Holes. 



Number of 
Holes. 



inches. 



J 



1 

1 

u 
li 
u 
u 
li 
li 
li 

li 
H 



Weight. 





Cwt. 


qr. lbs 


4 





3 


4 


1 


3 


4 


1 


3 5 


4 


2 


1 12 


4 


3 


2 1 


6 


4 


3 17 


6. 


5 


2 9 


6. 


6 


1 12 


6. 


7 





6- 


8 


3 24 


6^ 


9 


3 5 


6- 


10 


2 


8 


11 


26 


8 


12 


25 


8 


12 


3 8 


8 


13 


2 17 


8 


16 


1 15 


8 


17 


2 13 


8 


18 


26 



TABLE 

Showing the Quantity op Water per Linear Foot in Pumps o?i Vertical 

Pipes op different Diameters. 



Diameter of 


Number of 


Number of 


Diameter of 


Number of 


Number of 


Pump in 


gallons per linear 


cubic feet per 


Pump in 


gallons per linear 


cubic feet per 


inches. 


foot. 


linear foot. 


inches. 


foot. 


linear foot. 


2 


.136 


.0218 
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2.176 


.3490 


2J 


.172 


.0276 


8i 


2 314 


.3712 


2* 


.212 


• .0340 


^ 


2.456 


.3940 


2i 


.257 


.0412 


8i 


2 . r,03 


.4175 


3 


.308 


.0490 


9 


2.754 


.4417 


3J 


.359 


.0576 


9} 


2.909 


.4666 


3* 


.416 


.0688 


9* 


3.06S 


.4923 


3f 


.478 


0766 


n 


3.232 


.5184 


4 


.544 


.0872 


10 


3.400 


.54.14 


^ 


.614 


.0985 


lOi 


3,572 


.5730 


H 


.688 


.1104 


lOJ 


3.748 


.6013 


4| 


.767 


.1230 


10| 


3 9-29 


.6302 


5 


.850 


.1363 


11 


4.114 ^ 


.6599 


5i 


.937 


.1503 


Hi 


4.303 


.6902 


S* 


1.028 


.1649 


11* ■ 


4.496 


.7212 


5^ 


1 124 


.1803 


iif 


4.694 


.7529 


() 


1.22i 


.1963 


12 


4 896 


.7853 


«i 


1.328 


.2130 


12* 


5.312 


.8521 


6* 


1.436 


.2304 


13 


5.746 


.9217 


6f 


1.549 


.2489 


13* 


6.196 


.9939 


7 


1.6^6 


.2672 


14 


6.664 


1.0689 


7i 


1.787 


.2866 


15 


7.650 


1.2271 


7* 


1.912 


.3067 


16 


8.704 


1.3962 


71 


2.0i2 


.3275 


18 


11.016 


1.7670 
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CAST-IRON PIPES, HOLLOW COLUMNS, OR CYLINDERS. 

Weight peb Lineal Foot. 



Diameter 
of Bore. 


i inch 
thick. 


I inch 
thick. 


J inch 
thick. 


finch 
thick. 


f inch 
thick. 


2 inch 
thick. 


1 inch 
thick. 


1\ inch 

thick. 

• 


If inches 
thick. 


in. 


Ib8. 


lbs. 


lbs. 


• 

lbs. 


Ibe. 


1 
lbs. 


lbs. 


lbs. 


lbs. 


1 


3- 


06 


5.06 


7' 


36 


9-97 


12 


•89 


16 


•11 


19 


•63 


• • 
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3 


68 


5- 


98 


8- 


69 


11-51 


14 


73 


18 


•25 


22 


•09 


• • 






1* 


4- 


29 


' 6- 


9 


9- 


82 


13 04 


16 


56 


20' 


'4 


24 


•54 


• • 






If 


4- 


91 


7- 


83 


11- 


Oh 


14-57 


18 


41 


22' 


f5 


27' 




• t 






2 


5- 


53 


8- 


75 


12- 


25 


16*11 


20 


25 


24' 


•7 


29 


45 


• • 






2i 


6- 


14 


9- 


66 


13- 


5 


17-64 


22 


09 


26- 


84 


31 


85 


• • 






2i 


6- 


74 


lo- 


58 


14- 


72 


19-17 


23 


92 


28 


•93 


34' 


•36 


• • 






2i 


7- 


36 


ll- 


5 


15- 


95 


i?0'7 


25 


71 


31' 


14 


36 


81 


•• 






3 


7- 


98 


12 


43 


17- 


18 


22-19 


27 


62 


33 


•29 


39 


25 


45-56 


52 


-28 


3i 


8- 


59 


13- 


34 


18- 


35 


23-78 


29' 


45 


35- 


44 


41 


•72 


48-32 


. 55 


•22 


3J 


9- 


2 


14- 


21 


19- 


64 


25-31 


31 


3 


37 


•58 


44 


18 


51-08 


58 


-29 


3i 


9- 


76 


15- 


19 


20- 


86 


26-85 


33 


13 


39 


73 


46 


63 


53-84 


61 


-36 


4 


lo- 


44 


16- 


11 


22- 


1 


28-38 


34 


98 


41 


•88 


49' 




56-61 


64 


•25 


4i 


ll- 


1 


17- 


08 


23- 


37 


29-97 


86' 


87 


44 


•08 


51 


6 


59-42 


67 


-45 


4i 


11- 


66 


17- 


94 


24- 


54 


31-44 


38' 


65 


46 


•17 


53 


•99 


62-12 


70 


-56 


4| 


12- 


27 


18- 


87 


25- 


77 


32-98 


40' 


5 


48 


32 


56 


•45 


64-89 


73 


•63 


5 


12- 


88 


19- 


78 


27- 




34-51 


42' 


25 


50 


•46 


58 


•9 


67 64. 


76 


25 


5i 


13- 


5 


20- 


71 


28- 


23 


36 05 


44' 


18 


52 


•62 


61' 


36 


70-41 


79 


-77 


5i 


14- 


11 


21- 


13 


29- 


45 


37-58 


46' 


02 


54 


•76 


63 


•81 


73-17 


82 


•84 


5i 


14- 


73 


22- 


55 


30- 


6S 


3912 
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